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PREFACE 

This handbook is intended to give an insight into the 
art of Drying, and descriptions of typical designs of 
the machines and apparatus used in Drying and 
Desiccating. 

In order to do so the general principles which 
govern the various methods of removing moisture 
(water) from all kinds of materials have been briefly 
stated, followed by a summary of the several methods 
employed, together with the tables of calculations 
necessary in deciding the requisite capacities. Then 
the apparatus, machinery, and installations of plant 
are described and illustrated by modern typical 
examples. These have been chosen by the makers as 
worthy of bearing their name, and the descriptions 
have in every case been passed by them. 

The innumerable kinds of material which have to 
be dried, the varying degrees to which this dryness is 
needed, and the many types of apparatus which are in 
use open up a vast field for research. As it is quite 
impossible to deal exhaustively with such a wide 
subject, or while retaining a due proportion to exhaust 
even one section, there has been added a Bibliography 
so that reference can be made to the entire literature 
on any desired point. The Glossary of Terms appeared 
to be an absolute necessity in the absence of any 
authoritative manual on the subject, and it is hoped 
this may form a basis for future use of the terms 
and classifications. 

The fact that no one had written a book in either 
English, German, or French on any particular subject 
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would appear to indicate that that subject was of 
small consequence, or that there were very few people 
interested in it. So far from this being the case, dry- 
ing machinery is of great consequence to a very large 
number of important trades ; while the practical 
interest shown in the present volume by those having 
experience in this branch of engineering proves that 
the book will be welcome. This has been a very 
great encouragement to the author in endeavouring 
to complete this work in the intervals of a busy 
professional career. 

Having received such generous assistance the 
author would have preferred to acknowledge each 
instance, but as the list would include the proprietor 
and the chief of the technical department in the case 
of all the firms mentioned, this is impossible, but to 
omit the names of Mr Wilfrid N. Robinson, of Thos. 
Robinson & Son, Ltd. ; Mr Geo. A. Mower, of 
Sturtevant Engineering Co., Ltd. ; Mr H. J. Pooley, 
of Geo. Scott & Son, Ltd. ; Mr C. E. Hodgkin, 
of Pulsometer Engineering Co., Ltd. ; Mr W. J. 
Jones, of Thresh Disinfector Co., Ltd. ; Mr A. B. 
Lennox ; Mr E. R. Sutcliffe, of Sutcliffe, Speakman, 
& Co., Ltd. ; Mr R. Williamson, of Pott, Cassels, & 
Williamson, would be gross ingratitude. 

If this work is worthy of the support it has 
received, and meets with the success which has been 
foretold in many encouraging letters to the author, 
then a new edition will soon be required, and he will 
appreciate any communications as to new designs of 
machinery and further data, so that the utility of the 
book may be increased. 

THOS. G. MARLOW. 

138 Telford Avenue, 
London, S.W. 
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CHAPTER I 
INTRODUCTORY 

ReasoDS for Drying — Degrees of Drynesa — Humidity of the Air — Hygro- 
meters— Hygrodeik — Psychrometer — Dryness of Solids — Suggested Terms 
— Moisture Gauges — Robinson Gravimeter — Reform Moisture Tester — 
Technical Terms — Tables and Data — Bibliography — General Principles — 
Natural Drying— A Shower of Rain — Artificial Drying — Mechanical Dry- 
ing—Absorption — Evaporation— Diflfusion - - - 1-13 

Reasons for Drying'. — The reasons for drying are many and 
various, as are the results obtained; among others may be 
mentioned : — 

1. To preserve the material by preventing physical and 
chemical changes. There are innumerable instances of this — 
hay, fruits, hops, tobacco, timber, leather, rubber, fish, fowl, 
meat, &c. 

2. To prepare the material for processes of manufacture or 
manipulation, for instance : — 

Boadinff, as copper ore, bricks, pottery ware, cetnent 
slurry, &c. 

Dry GrindiTUfy as gold ore, coal, cement, limestone, sand- 
stone, com, &c. 

Magnetic Separatiiuj, as tin ore, brass slag, iron ore, &c. 

Pneumatic Separating, as gold ore, silver ore, tin ore, &c. 

ImpregnatiTig or Sterilmv/j, as in timber seasoning, asphalt- 
ing stones, preparing bone meal, &c. 

3. To remove the water needed during previous operations. 
Drying clothes after washing, wools after scouring, woollen 

I 
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and cotton fabrics after dyeing, coal after washing, coke and 
ashes after quenching, sewage shidge after the addition of the 
lime. 

4. To obtain a more even sample or one capable of accurate 
measurements. In all quantitative chemical operations, whether 
on a large or small scale, as the water in a wet or moist 
material is an unknown and practically immeasurable quantity, 
it is usual to dry the various ingredients before mixing them in 
their respective proportions. Mixing is especially difficult in 
the case of dry and damp materials, it being almost impossible 
to obtain an even blend, whereas by drying all the ingredients 
the operation is comparatively simple. 

5. To save the weight of an unnecessary ingredient and 
facilitate transport, thus lessening the cost of packing, carriage, 
and freight, eg., timber, coal, coke, peat, &c. 

6. To retain desirable moisture by surface drying, thus 
forming a thin crust or covering of a more impermeable 
nature than the mass of the material. For instance, by remov- 
ing 3 to 5 per cent, of the moisture from the surface of soap 
bars, the imperceptible skin or crust prevents the evaix)ration 
of the 35 per cent, of moisture remaining in the bulk of the 
bars. Similarly with pastilles and chocolates, the surface drying 
retards the interior drying. 

7. To give clearness and pureness to the surface and skin, 
as in sardines after washing and before boiling in oil. The 
boiling would remove the water, but the product would lack 
its characteristic crispness and piquancy. Fish, fowl, and meat 
are for the same reason surface dried more or less after being 
washed previous to roasting and frying. 

8. To complete the operation in hand or process of manu- 
facture, this being similar to 3, but usually c^irried to a 
greater degree, as in paper, pasteboard, pigments, barytes, 
paintings of the oil, varnishes of the solvent, writing with 
blotting paper, and numerous other cases. 

9. To save fuel or prevent loss of heat, thus wood, coal, and 
other combustibles are sometimes dried previous to feeding into 
the furnace to prevent the loss of heat and temperature wliich 
would otherwise occur, the vaporisation of their water absorbing 
a large number of heat units. 

10. To prevent injury to health or goods, as in the case of 
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moisture laden or vapour laden air of textile factories, evaporating 
rooms, &c. 

Degrees of Dryness. — ^A small amount of consideration 
of the various purposes served by drying processes makes 
apparent the wide range of degrees of dryness and the varying 
conditions to which we apply the term dr}^ This vagueness 
partly arises from the difficulty of measuring the actual amount 
of water present in any given case. By means of Hygrometers 
the amount in the air of any room or locality may be calculated, 
but to measure the relative or actual amount in any other 
substance nearly always requires the water to be entirely 
removed and the loss of weight noted. By this laborious 
process there is still obtained only the data for the actual 
portion dried, and owing to the nature of the case every other 
portion may be, and probably will be, different. 

The varying capacity of different substances for absorbing 
moisture increases the difficulty of expressing the presence 
or absence of water in relative or absolute terms without actual 
weights. 

Humidity of the Air. — For instance, air can be gauged as 
to its dampness or humidity, but owing to its vast capacity it 
cannot be used as a guide to other materials. Air is thus 
usually classified from the saturation point as 100 per cent., 
i.e., at saturation point it carries 100 per cent, or all of the 
moisture it is capable of carrying at that temperature. Then 
at 100 per cent, the air is said to be saturated, 
85 „ „ „ damp, 

65 „ „ „ moderately dry, 

50 „ „ „ dry, 

35 „ „ „ very dry, 

25 „ „ „ extremely dry. 

By raising the temperature of the air a few degrees these 
percentages and comparisons are swept away, as the same 
volume of air can contain or carry a larger quantity and hence 
the percentages are lower. (See Table XXII.) 

Hygrometers. — These degrees of humidity of air are 
measured by means of hygrometers, of which there are various 
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types. Those mostly in use consist essentially of two thermo- 
meters. One thermometer has an exposed hut (try bnlh, and 
simply indicates the temperature of the air. The second ther- 
mometer has its bnlh coveretl with thin mtislin and kept wet. 
The evaporation of this moisture aliaorhs the heat from the bull), 



(Cwnbrldga Sclentllla InittumcDt Co., Lid.) 

which registers a lower temperature than the dry bulb ther- 
mometer. The temperature in the wet bulb thermometer falls 
in proportion to the amount of evaporation. The amount 
of evaporation is dependent on the dryness of the air. 
Hence tlie greater the fall in temperature the more dry the 
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straining the teniis much out of their generally accepted 



1. Soaked or imter-loffged. — When the water is dispersed 
abundantly throughout the mass or in the pores of the 
substance. 

2. Wet. — When the water is abundant, but mainly on the 
surface, or mixed with the particles. 

3, Ummtered. — When the surface water and free water ot 
open materials is removed, 

4, Damp. — Wheitthe moisture is api>arent without touching 
the substance. 



5. Moist. — When the moisture cannot lie seen, but is 
apparent to the touch, 

6. Dry. — When no moist\ire is apparent to the touch, but 
the mass contains the normal characteristic moisture of its 
composition. 

7. Di-ud. — When some of the normal moisture has lieen 
abstracted. 

8. Dcsiccatetf. — When all the free or uneonibined moisture 
which has been hold aa a chemical mixture bas been aletracted. 

9. Dehydrated. — When the moisture held in chemical com- 
bination has been removed. 

These nine divisions will give a wide classification, and 
altliougti it may not meet every case in a perfect definite 
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manner, it will assist to form a more tangible idea of the 
subject and operations entailed. 

Moisture Gauges. — The proportion of moisture in solid 
bodies is frequently of vital importance in maintaining a 
regular product, and especially is this difficulty felt with 
substances which, while they are more or less hygroscopic, are 
obtained from widely differing climes, such as wheat. In such 
cases the moisture may be too much or too little, and in Figs. 
3 and 4 are shown a compact Gravimder or instrument for 
detecting the varying moisture in equal bulks by the slight 
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FIG. 4. — GRAYIMETER (PATENT). SECTIONAL ELEVATION, 

(T. Robinson & Sod, Ltd.) 

variations in the weight of such bulks. From the section 
(Fig. 4), it will be seen that the corn is fed into the fixed 
nozzle, and falls into the brass receptacle, which is always kept 
full. This receptacle is balanced on knife edges upon the 
scale arm. Thus any variation in its load produces an increased 
movement at the end of the scale arm which is at once noticeable. 
The adjustable spring meanwhile acts as a safeguard to prevent 
undue movement, counterbalancing the receptacle and its load. 
A very accurate and rapid indication is thus kept of tlie con- 
dition of the bulk as to weight, and therefore as to its condition 
in regard to moisture. 

To actually test the proportion of moisture in a sample is a 



8 DRYISG MACHINERY AND PRACTICE 

more complicated operation, and in Fig. 5 is illiistrated one of 
the simplest forms of the necessary apparatus. The " Reform, " 
Moisture Tester is specially designed for wheat, corn, flour, bran, 
malt, hops, and similar small organic bodies. As will be seen 
from the illustration, it conaiats of a receptacle for the sample, a 
condenser for depositing the 
vapour, and a graduated col- 
lecting tube to meaaure the 
amount of water. In order 
to utilise these the feed funnel 
and feed cock are necessary. 
While the thermometer gives 
indication of the tempera- 
tures, the heating shown is 
by a special spirit burner, 
but, of course, may l>e by 
any convenient method. The 
procedure of working requires 
great care in manipulation, 
as with measuring the quan- 
tities and noting the time, 
but briefly may Iw thus sxim- 
marised. Into the receptacle 
is placed an exact quantity 
of oil and tur^icn tine- toluol 
mixture quite freed from 
water. To this add a 
weighed quantity of grain, 
and well shake. Then heat 
to 180° Cent, for a de- 
flnite time. Add a fixed 
quantity of the turpentine- 
toluol mixture, and reheat 
to 200' (.'ent. Kcmove the 
heater and let the whole ap- 
paratus cool down. Gauge the water collected into the glass 
collector. The quantities used vary, of course, with the 
sample, as also the temperatures. This simple a|)ijaratus and 
the procedure briefly stated may give some idea of the difficulty 
of and delicacy required when testing the moisture in solids. 
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Technical Terms. — The terms used in connection with 
drying and desiccating are nearly all in use associated with 
other operations. The exact significance, however, is not 
jalways the same as in relation to drying. Many terms are also 
used vaguely for quite dififerent operations and articles by 
individual users and makers. Hence the Glossary of terms has 
been added to define the meaning of the various terms as applied 
in this work in connection with drying operations and drying 
machinery. While full consideration has been given to the 
authoritative meaning of the words used as terms given in the 
standard dictionaries, and usually obtaining in current literature, 
the explanations here given relate to drying solely, and in all 
cases it is advisable, when in doubt, to refer to the Glossary, 
where the term is explained. 

Tables and Data. — The tables and data are mostly given in 
British units as being more readily understood and realised by 
the general reader, and more appropriate in the present work, 
which is believed to be first on this subject written in the 
English language. There are many valuable papers on the prin- 
ciples and machinery of drying stored away in the records of the 
several societies associated with engineering and chemistry, also 
there are some very detailed books of data written in German. 

The British units have many advantages, although the metric 
system has attractions for those who have trained themselves to 
think in metres. Further, it appears quite inadvisable to compel 
a study of the metric system on those who desire to learn alx)ut 
drying. A table of comparative values will be found in the 
Glossary for the convenience of reference and comparison. 

The methods of obtaining these tables and data, or the 
formulae for checking them, form no part of the plan of the 
present work ; when desired, these can best be obtained from 
the standard text-books on Heat, Hydraulics, Pneumatics, &c. 

Bibliography. — The bibliography of drying is not large, 
hence it is all the more necessary to keep a trace of such 
records as exist. The articles and notices entered are of very 
uncertain value in some instances, but those who are desirous 
of thoroughly investigating the subject will be able to use their 
own judgment as to the respective reliability of the various 
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theories and statements. The author will be pleased to receive 
any additions to this section from those interested, as it will 
increase the value of future editions of this l)ook, while giving 
credit to the work done by othei-s in a field where much 
research is needed. 

General Principles. 

Drying may be performed in many totally different ways, 
according to the nature of the material to be dried and the 
degree of dryness desired in the product. 

The term " dry " expresses a relative state, not an absolute 
condition. Still, whatever degree of dryness is considered, " to 
dry " means to remove a certain amount of liquid from the wet 
material under consideration. All the methods of separating 
the liquid from solid constituents are covered by the art of 
drying, and the main liquid which is considered in the present 
work is water in its various states. 

Natural Drying. — A roadway or ploughed field during and 
after a shower of rain ilhistrates Nature s several methods of 
drying. So soon as the rain commences ttie ground is " wet." 
Some of the water will at once pass away through the ground, 
drying the surface by "drainage," while at the same time 
" soaking " the subsoil. Part of the water will run away down 
the various slopes, carrying with it more or less solid matter in 
suspension. This suspended matter will sooner or later fall 
and be drier because it has Ijeen separated from the water, 
in this case by " precipitation." 

A portion of the water may come in contact with a wall of 
brick or stone which will help to dry the road by the wall 
taking up some of the water by " al)sorption." 

By the " drainage," the " precipitation," and the " absorption," 
the road will have become " unwatered " or dried by removal of 
the bulk of its surface water although it may still be " damp " 
(contain water which can be seen) or may be "moist" (contain 
water which can be felt), or there may be puddles over imper- 
meable spots which cannot drain away. On the rain ceasing 
the puddles and surface will promptly connnence to give ofif 
their water to the atmosphere by evaporation. If there be a 
good wind this evaporation will Ije more rapid and more 
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thorough, but in any case the road will thus become " dry." As 
the sun shines more brightly this evaporation will increase in 
speed and intensity, causing the clay and flotsam in the puddles 
to give up some of their normal moisture (or become " dried "), 
and at the same time produce "desiccation cracks" by the 
uneven contraction of the " dried " portions. 

After this evaporation has proceeded for a time and 
thoroughly "dried" the surface to some depth, the lighter 
material on the road, such as leaves, petals, &c., will, if the sun 
remain powerful, give up all their free or uncombined water. 
They will shrink, shrivel up and become "desiccated." If 
some chemicals (^.//., cupric sulphate) were exposed to this extra 
dry atmosphere the chemical affinity of their constituents for 
water is so small that they would give up the water held in 
combination and thus become " dehydrated." 

The air subjected to the sun's heat though containing 
additional water is relatively " dried," as its degree of humidity 
is less compared with its capacity. If this vapour laden air 
meet a colder body or a colder current of air the burden of 
vapour Ijecomes condensed into water and the air is "dried" 
by the "condensation." While if the vapour laden air is 
disturbed by a thunderstorm the vibrations will accelerate the 
deposit of any moisture in the air, the heat generated by the 
passage of the electric current will increase the vapour capacity 
and so dry the air by electricity. 

Artificial Drying is only artificial to the degree of being 
a modification of the method of procedure in following natural 
drying processes. Mainly these modifications are to hasten 
the process, but are also largely to localise the result or 
economise the heat expenditure. Wliile natural drying is 
uncertain in time and degree, artificial drying is attended with 
many disadvantages unless applied with the proper precautions 
necessitated by the cliaracteristics or idiosyncrasies of the 
material to be dried and the product required. 

Mechanical Drying. — If we are satisfied by removing the 
surface water or a proportion of the absorbed water in some 
materials, we can readily dry them to a considerable extent 
by purely mechanical means, e,g,, draining, filtering, filter 
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pressing, and hydro-extractors. Each of these methods is 
efficient and economical under certain conditions and as applied 
to suitable materials. So each process will be briefly con- 
sidered later and mainly as preparatory to drying of a higher 
degree. 

Absorption. — Leaving out of consideration any water which 
may thus be removed by purely mechanical means, let us 
proceed to consider the elimination of the remainder or part 
thereof. This opens up a new proposition, because the water 
has no innate tendency to leave the material, and hence leads 
to the idea of applying some material which has more attraction 
for the water, thus removing it by absorption, instances of which 
we have after our daily bath, besides many other domestic and 
commercial processes too numerous to mention. This absorp- 
tion, whether by towel, blotting-paper, sawdust, chalk, or 
charcoal, may be very efficient for its own particular applica- 
tion, but must of necessity be very restricted, and necessitates 
intimate contact with all parts of the materials to be dried. 

There are also certain substances which have such a 
strong affinity for water as to promptly annex all available 
from the surrounding air and surrounding objects, though not 
in contact. If these substances are placed in closed rooms 
with the materials requiring to be dried, of course the water 
is abstracted from the less retentive material and assimilated 
by the more attractive. Instances of such substances are quick- 
lune, calcium chloride, and oil of vitriol. For chemical and 
laboratory purposes they are often used, and given time they 
are powerful means of drying. But it needs small consideration 
to appreciate that their commercial use on a large scale is out 
of all reason, although it has been gravely recommended to use 
calcium chloride in drying-rooms for materials containing 30 per 
cent, of water, and holding from 4 to 6 tons of such materials. 

Evaporation. — Proceeding to see how this water is to 
be readily removed from the material. The water is present 
in the form of a liquid. Now, according to the latest and best 
authenticated theories of the constitutions of bodies, all the 
molecules of this liquid, and all other liquids, are continually 
moving about among themselves, assuming new positions, and 



GEi^ERAL PRINCIPLES 1 



Q 



travelling from one part of the mass to another. The energy 
of these movements depends upon the amount of heat in the 
liquid. The molecules at the surface are continually taking 
heat from the surrounding atmosphere, and thus pass into 
vapour. On becoming a vapour its movements are amplified 
in extent and speed, with the result of it becoming more 
detached from the material, while tending to diffuse itself into 
the atmosphere. Hence it is apparent that in drying, the first 
step is to turn the water into vapour, and this can be done by 
heat, or in other words to dry 

1. Heat the surface of the material, and so turn the 

water into vapour. 

Diffusion. — Having heated the material, and thereby driven 
the water into vapour, there is now gas or vapour to be dealt 
with instead of a liquid. The vapour as such has more ampli- 
tude of molecular movement and greater tendency to diffuse 
into the surrounding gas or atmosphere, but at any given 
temperature only a certain weight of vapour can occupy a 
cubic foot. This amount is governed only by the elastic force 
of the vapour, and not by the presence or absence of air. 

The pressure (or elastic force) of the surrounding vapour, 
however, puts a limit to this diffusion. They are practically 
antagonistic forces: the more heat in the vapour the greater 
its diffusibility ; the greater the pressure of the vapour, the less 
it can diffuse. When the two balance, the air with which it 
is mixed has just as much vapour as it can hold — the air is 
saturated. Then there appear to be two alternatives — put in 
more heat or remove the pressure ; but there is also a third, 
which is 

2. Remove the air which contains the vapour. 

This, then, solves the problem of drying, as by continuously 
warming the material its water is turned into vapour, and by 
removing this vapour as diffused, dryness can be obtained to 
any desired degree of perfection. Hence these are the two 
primary processes to consider in every drj'ing proposition. 
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larity — Deliquescence — Hem pel Desiccator — Air Absorption — Drops — 
Dye-House Practice ...... 23-26 

Drying by Condensation. — When Advisable — Refrigeration— Cold Storage — 
Normair Vapour-Depositor — Direct Expansion Air-Cooler— Advantages 
of Condensation ....... 26-29 

Drainag^e. — Drainage is really drying on a wide sc^le, but 
many instances of drainage are outside our scope. Among the 
cases where advantage is taken of the water as a liquid to flow 
away from the solid may be mentioned the sewage farms of 
many large towns ; the treated sludge being conducted on to pre- 
pared portions of the farm in the form of a more or less thick 
liquid, when the water percolates through the soil into a network 
of drains which conduct it into the nearest stream. 

The "sump hole" into which the drains of the house or 
village delivered tlieir contents in the "good old days," is a 
sample of this principle sadly misapplied. For when it did 
become dry its smell was strong but not sweet, and the odour 
reached up to the heavens. It is difficult to appreciate such 
relics of old times when one remembers the strange coincidence 
of the opening of these stench holes with a large increase of 
infantile deaths, and sore throats for elders. 

In coal washeries and briquette factories, too, the cleansed 
coal is conveyed into large hoppers or bunkers, where in about 
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twenty-four Iiours it will jiait with 10 to 20 per cent water, 
thuB prejiaring it for the breaker. 

Dre<lging with grab or central ladder is also much assisted 
by the drainage of the water from tlie shingle when placed in 
the liarges or on the Ijank. At gas works and power stations, 
the coke and ashes when drawn from the retorts or furnaces are 
quenche<l with copious supplies of water, and then conveyed to 
bunkers, which allow the surplus water to drain away. Of 
c^mrse the heat causes a large amount of the water to evaporate, 
but necessarily there is much more used to perform the required 
quenching. 

Tlie drainage is assisted mechanically in several instances. 
The wet material is raised by an elevator or conveyor, made 
witii iK?rforated buckets, which allow the water to pass away 
during transit. The solid matter which floats on a stream or 
current at sewage works, &c., is intercepted, raised, and drained 
by means of a metallic conveyor l>and working under the sur- 
face, and rising alx)ve it. 

In fioal washery cylinders the washed coal is slightly elevated 
and carried forward after leaving the water. This movement is 
I>erformed by blades on the interior of a revolving cylinder, and 
allows the coal to drain sufficient to leave the cylinder " un- 
watered," that is, free of surface water. 

Precipitation. — At many works there are instances of pre- 
cipitation, wlH»re the mixture is allowed to settle in tanks or 
vats so that the heavier material sinks to the bottom. The 
surplus water floating to the top is either drained or decanted 
off, leaving the solid matter much drier (Figs. 6, 7, and 8). 

The Vecantinf/ Vessels (Fig. 6), while specially designed for 
treating gold ores, are in a form convenient for many chemical 
purposes. They are made of cast iron or sheet iron enamelled 
inside. As will l>e seen from the section of the first vessel (or 
Ikjx), the supply, thougji from the top, is conducted downwards 
in order to rise through the enamelled screen. The screens are 
supported on frames (enamelled), and have the zinc above them. 
The overflow lip leads by a spout to the next box, and so on 
throughout a series of six or more. In use, after the removal of 
the zincs, they are usually emptied by the suction pipe of the 
filter press, but can be also cleared by a plug at bottom if 
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desired. This syHtem of upward hitration ia found very effective 
in precipitating the aolid matters iu the water or slimes. 

In china clay works the mixture, in the condition of thin 
mud, 18 pumped into the " settling tanks " or stone-lined pits, 
and the watei' returns by overflow into the sump ^ain. 
During the process of levigating barytes, the mixture passes 
through a series of these settling tanks placed stepwise, so 
that the overflow of the upper ones passes through the lower 



K, FIO. 8— STBBI, SMTLINO TANK, 

<WIMir HlnlDS Uuhlnery Co., Ltd.) 

by gravity, the finest qualities of the barytes gradually pre- 
cipitating. At chalk works a shnilar method of precipitation 
is employed, but the final tank is ot a porous nature, and so 
completes the operation by drainage. 

Settlii^ tanks of steel plate are often used in gold and other 
mining for precipitating the material after being wet ground in 
the stamps. For precipitating the fine slimes, two designs of 
such tanks are shown in Figs. 7 and 8. They are each used for 
the same purpose. Fig. 8 for smaller plants has the feed at the 
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funnel, the slimes pass down the pipe to near the bottom of the 
tank. The water overflows into the launder at the top, and is 
regulated by passing over a wooden strip, which is dressed 
according to the settling in the tank. The central pipe is 
adjustable in height to allow of free flow as the slimes settle. 
The intake in Fig. 7 is at the top, but by the partition and 
slide gate is conducted to the bottom of the tank. The slide 
and the overflow are adjustable to the state of the tank, and 
allow of decanting after the tank is about half full. This form 
is more usual in the larger plants. Each type has draw-off plugs 
at diiferent heights to allow of the surplus water being removed. 

Filtering^, as used in drying, is accelerated drainage 
The wet pigments from the precipitating tanks are thrown on 
to a filter constructed of a sheet of calico loosely stretched over 
a skeleton framework; the water drains through while the 
pigment remains on the top of the cloth, the speed and 
thoroughness of the drying depending on the texture and quality 
of the filter cloth as well as the condition and nature of the 
material. 

In some colour works and chemical works this fonn of filter 
is replaced by a more expeditious design called a vacuum filter. 
A hemispherical vessel is divided into two parts by a perforated 
plate, which forms a false bottom. The top portion is open, and 
the perforated plate is covered with a filter cloth, and the 
material placed thereon. The bottom portion being closed, the 
water drains into it, and it is connected to a vacuum pump, 
which greatly accelerates the process while leaving the solid 
matter on top much drier than by ordinary filtration. 

A very great development of vacuum filtering is shown in 
the WUfley Continuous Vacuum Slimes Filter (Fig. 9), which, 
while orighially designed for slimes of gold ores, is adaptable to 
many other drying purposes. It is particularly suited for 
"un watering" semi-solids, and in its usual form for general 
purposes is called a " dewateriTig" filter. 

Essentially this machine consists of a drum with its peri- 
phery covered by a filter cloth, and its interior exhausted by 
a vacuum pump. The drum is partly submerged in a tank 
of the material to be filtered, and the suction of the pump 
draws the water through the filter cloth, leaving a coating of 



the more solid ingrediente on the outside of the cloth. As the 
drum revolves, a continuous coat is thus formed on the whole 
of the cloth, and so soon as this coat becomes tliick enough it 
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meets au adjustable skimmer which removes the surplus without 

coming in contact with the cloth. Tims the material forms 

an additional filtering medium and guards the cloth from wear. 

From the illustration it can be seen that the exhaust is by 
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a pipe which paasea through the trunnion to the inside of the 
drum. The drive is by worm and wheel rediictiou gear, as the 
speed is very slow, dependent on the nature of the material. 
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Tlie power required is remarkably small, being only aWut 
1 H.P. apart from the pump, which is not shown. 

The remaining gear is not essential or necessary in all eases. 
Tlie two longitudinal shafts shown are for producing an agitating 
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motion in the material when it is of too heavy a nature, 
while the two longitudinal troughs shown above the shafts 
are for washing the partly dried material when it contains some 
ingredient which it is desirable to displace. Fig. 10 shows the 
construction of these troughs. 

The space occupied is small, about 7 ft. by 5 ft. and 5 ft. 
high. The vacuum advisable varies from 10 to 14 in. The 
capacity varies with the material, but for gold slimes of usual 
fineness the vacuum filter will treat 35 to 60 tons (dry weight) 
in twenty-four hours, and leave about 15 per cent, of residual 
moisture. 

The Ogle-Ridgway Vacuum Filter (Figs. 11 and 12) is 
another vacuum filter to deal with large quantities of slimes 
from minerals, and other dewatering purposes. It consists of 
a series of flat horizontal filtering frames which revolve in a 
shallow annular tank. From the plan (Fig. 12) it will be seen 
the tank is divided into three unequal portions by partitions. 
The first portion is evenly full of slimes pulp kept in a state 
of agitation by the stirrers shown in elevation. The second 
portion is full of water. The third and least portion is simply 
a discharge hopper outlet. On the outer edge of the tank is a 
runway for the roller carriages which carry the filter frames as 
seen in the elevation (Fig. 11); this runway rises and falls at 
the points shown in the plan. 

The filter frames are cast-iron shallow boxes, shaped as 
shown in the plan, Fig. 12, while their section is shown in 
the elevation. The imder face of each is perforated and covered 
with a filter cloth. The upper face of each is connected to a 
suction outlet pipe and a compressed air inlet pipe, while to the 
sides are steel stay-rods connecting the boxes to the steel carry- 
ing frames shown in plan and elevation. The suction outlet 
pipes are all connected to the lower part of the central hollow 
spindle of the machine, and thence to a vacuum pump. The com- 
pressed air inlet pipes are all connected to the upper portion of 
the hollow central spindle and thence to an air compressor. 

There are generally fourteen of these filter frames exactly 
alike, and all connected to the one central shaft. To this shaft 
is also attached a drum having wheel teeth geared into a driving 
worm, by means of which the entire gear is revolved. Thus the 
whole machine, which at first sight appears complicated and 



22 



DRYING MACHINERY AND PRACTICE 



intricate, is seen to be very simple in the details, which are in- 
creased in number only to obtain quantity in the shortest time, 
yet allow a suitable time period for the action of the process. 
This action is also a very simple one, being automatic 




FIG. 12. — OOLE-RIDGWAY VACUUM FILTER ( PATENT). 

(The Oranide Plant Supply Co.) 



PLAN. 



throughout, and exactly similar in each frame for each circuit. 
Starting at the slimes feed inlet each frame at this point is 
gliding on the surface of the slimes getting coated; as the 
suction outlet pipe is open the coating is thorough, and the 
solution is drawn to the vacuum pump. This continues till 
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each frame reaches near the partition, when the rise in the 
runway lifts that frame out of the slimes. The suction outlet 
valve still being open, gives this coating an air-leach, till the 
fall of the runway takes the frame dpwn to the water of the 
second portion. Here the partly dried coAt is again wetted, and 
washed free of any solution by the suction. When it has been 
sufl&ciently washed the runway again raises the frame for 
another air dry and thorough dewatering. On reaching the 
third portion of the tank the suction outlet valve is automati- 
cally closed, and the compressed air inlet valve automatically 
opened. This causes the dewatered coating to fall free of the 
filter cloth into the discharge hopper and hence away. Each 
filter cloth is thus in rotation cleared, ready to commence a 
fresh circuit when again lowered into the slimes portion. ' The 
automatic regulation of the valves for the suction outlet is by 
means of levers and for the compressed air inlet by means of the 
stop-rollers shown in the elevation. 

The result, working with a 13 ft. pari having fourteen filter 
frames, is to form a quite thin cake in fifteen to thirty seconds 
in the pulp portion, and thirty seconds to one minute in the 
water portion. To remove the residual solution, only 16 cwt. to 
1 ton of water per ton of dry slime is used, and about 26 to 33 
per cent, of moisture is left in the discharge. It absorbs ^ H.P. 
to rotate the machine, ^ H.P. for the agitators, the vacuum 
pump and air pulsator, with shafting, &c., take 4 H.P., that is 
5 H.P. in all, for the output of 50 tons per day. The working 
cost of 4d. per ton for separating the gold solutions from the 
slimes, and delivering the slimes in ^ " dewatered " state, com- 
pares favourably with the Is. 4d; per tori usual in filter-pressing 
similar slimes on a corresponding larger scale. 

Drying by Absorption. 

Some materials otherwise diflBcult to dry are mixed with 
inert bodies which have a greater aflBnity for water. These 
bocjies are usually chosen for their greater facility of being 
desiccated previous to their mixture with the more sensitive 
and generally more valuable ingredient. As they must usually 
be in other respects somewhat similar, the range of choice is 
very limited. This is absorption by mixture, and this mixing 
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will generally be a tedious and expensive operation if a good 
dry, even sample is required. 

These inert bodies are sometimes abstracted by further 
processes of manufacture. In any case for efficiency an intimate 
contact must be obtained, and the drying is a direct absoi-ption 
which does not reduce the actual amount of moisture but only 
the relative humidity, although it may facilitate the reduction 
of the actual moisture. 

Yeast is thus sometimes dried by adding an inert, innocuous, 
sterilised, and vesicular absorbent. 

Sawdust, chalk, charcoal, sugar, lime, sand, &c., may be so 
used for different cases, and owe their efficiency to capillarity 
arising from their porous nature. 

An interesting instance of this same property acting to dry 
a substance without any assistance from foreign bodies, is seen 
in the efflorescence of some salts, which will thus gradually 
give off their water of crystallisation. 

Other absorbent bodies, which also owe their action to 
capillarity, and require to come in contact with the wet body, do 
not necessarily entail mixing. A typical instance of this is the 
application of blotting-paper to ink. It is further illustrated 
by the ordinary use of a sponge, while it is applied mechani- 
cally in traversing blankets passing over rollers to dry printed 
matter, and themselves dried continuously for re-use. (See 
under Drying-Rooms.) Towels are a domestic instance of the 
same principle. Tlien trays of absorbent material are used for 
drying, and afterwards themselves dried for re-use, as in the 
manufacture of macaroni. 

The air may be dried by absorption of its moisture by 
deliquescent and other substances which have a strong affinity 
for water, for instance, quicklime, calcium chloride, or oil of 
vitriol, and this desiccated air immediately tends to dry the 
surrounding objects. This property is used in absorbing the 
damp from enclosed show-cases, and in desiccating substances 
for analytical purposes by placing them in a desiccator 
with the desiccant, but not in contact. For instance. Fig. 13 
shows the Hempel desiccator, made of glass and used for 
analytical drying. As water vapour has a lower specific 
gravity than air, the moist air rises and therefore the desiccant 
is placed in the trough of the lid while the substance to be 
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dried is placed in the lower portion of the glass. The connec- 
tion and tap allow of the operations being assisted if desired 
by means of more or less exhaust. The upturned hook deflects 
the inrushing air when desiccation is complete. 

On a larger scale this principle is used for drying night soil 
by the use of quicklime in an enclosed vessel. Further, it is 
sometimes assisted and accelerated by placing the absorbent in 
direct contact with an air current, and made more accessible 
by admixture with some foreign body such as peat. This 
enables it to be used for such purposes as desiccating the air 
for blast furnaces, &c. 

In the manufacture of large clay ware, such as lavatory 
basins, closets, urinals, &c., the preliminary drying of the clay 
is by absorption. The clay is worked into moulds, which are 
of plaster of Paris, built up in iron frames. These moulds are 
themselves thoroughly dried in drying ovens 
each time before use, and the porosity of the 
plaster causes it to greedily absorb moisture 
from the wet clay. This serves the double 
purpose of removing part of the water of 
manufacture and leaving the goods much 
more firm for handling. 

A rise of temperature greatly increases 
the vapour-carrying capacity of air (see Table 
VI. and Table VII.). So if warmed air be 
blown into a room in which the air is laden ^..„._,.„., 

DESICCATOR. 

with moisture, the moisture is greedily ab- (j. j. Gnffln a son, 
sorbed by the fresh, warm air, thus drying the ^*<*') 

atmosphere of the room by absorption. This 
is especially useful in evaporating rooms, and other rooms, such 
as dye-houses, breweries, &c., where water is given off from 
materials in open or partially enclosed veswsels. It is, of course, 
worked on the plenum process by the air passing through a 
heater and direct into the room, as in Fig. 49, or distributed to 
the parts most affected by ducts or distributors similar to Fig. 51. 
By thus absorbing the steam (or vapour) the humidity is not 
only lowered, but the whole room and fixings are kept wann 
and dry, while the goods are saved from the injury which arises 
from " drops " of condensed vapour. For instance, take a dye- 
house having ten dye-becks, each about 5 ft. by 4 ft., with their 
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contents at 212° Fahr. There is an active evaporating sur- 
face of 200 sq. ft. giving off approximately 92 gals, or 920 lb. 
of water per hour. Assuming the air of the dye-house is 
at 62° Fahr., then e.ach cubic foot of air can only contain 
'000881 lb. of vapour. Therefore to carry off this vapour a 

920 
minimum of ^^^^n-i — tttj cub. ft. = 17,404 cub. ft. per minute 

•000881 X 60 ^ 

are essential, while in practice at least 25 per cent, more would 

be requisite. 

Dr]ring by Condensation. 

Where materials have to be dried which are very sensitive 
to heat and require handling at low temperatures, it is found 
necessary to dry the air by condensation. 

From Tables VI, and VII. it is apparent that the vapour 
in a saturated mixture decreases rapidly with the decrease of 
temperature. Hence if the air Ije drawn from a room at, 
say, 62° Fahr., it may contain up to -000881 lb. of vapour 
per cubic foot. When this air is cooled down to, say, 22° 
Fahr., it can only carry '000202 lb. per cubic foot at the 
utmost, therefore it must condense any it has beyond that 
amount, that is, any amount up to 000881 --000202 = '000679 
lb. per cubic foot. The air at 22° Fahr. is saturated, but 
if it be led back into the room at 62° Fahr. it will become 
heated nearly or quite up to the 62° Fahr., and its vapour 
capacity will again be -000881 lb. per cubic foot: as it is only 
carrying -000202 lb. per cubic foot, it can absorb up to 000679 
lb. per cubic foot. If the cooling process be repeated to 22'' 
Fahr. the condensation would again occur. 

At first sight it may appear as though here was an instance 
of drying by evaporation without heat. But a little considera- 
tion removes this idea. At the commencement the room and 
its contents were at 62° Fahr., but when the air was 
returned it was at 22° Fahr. Either the returned air will 
remain at 22° Fahr., or the room and its contents will give up 
sutficient heat to raise it, whether to 62° Fahr. or less will 
depend on their relative bulk and heat capacities ; or if this heat 
be not replaced by some independent source, the room and its 
contents will be reduced in temperature exactly in proportion 
to the heat taken up by the cold current. 
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This vapour abstracting and heat abstracting is exactly 
what occurs in cold storage in ships and elsewhere. When 
carried to lower degrees, it becomes refrigerating, or ice is made. 
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The cooling of the abstracted air is essentially the reverse 
operation to that obtaining in the storage or drying-room. 

It has been known for many years that compressing air or 
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gas causes s considerable accession of temperature. If, while 
the gas is under the inci-eased pressure, the heat is eliminated 
and the temperature lowered, the gas becomes a liquid. This 



n 



liquid being relieved of the pressure returns to tlie gaseous 
condition. In order to vaiwrise or gasify, heat is necessary, 
and the gas greedily al>sorb3 heat from all surroundings, causing 
a rapid and considerable fall of temperature. 
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Use has been made of ether, air, carbonic anhydride, an- 
hydrous ammonia, and other gases in this manner, and Fig. 14 
gives a clear diagrammatic illustration of the procedure as used 
in the Normair Vapour Depositor, The gas is brought under 
pressure in the compressor cylinder and forced into the pipe to 
the condenser. Here a continuous stream of water eliminates 
its surplus heat, and the ammonia leaves the condenser in a 
liquid state. Passing through the coils of pipes in the depositor 
the ammonia expands and absorbs heat to vaporise, thus cooling 
the pipes and surroundings to the degree arranged. This vapour 
returns to the compressor cylinder and thus completes the circuit. 
While Fig. 14 shows diagrammatically the process throughout 
the ammonia circuit. Fig. 15 shows the form which the coils 
actually take in the depositing chamber. The vapour laden air 
coming into contact with the heat-absorbing coils rapidly loses 
its heat, and the vapour gives up its latent heat. Thus the 
vapour is condensed and deposited upon the coils, thence falling 
into the tank below. If the temperature be below 32° Fahr., 
some of the vapour would, of course, become attached to the coils 
and need washing off by a brine shower. In actual use, however, 
the minimum temperature is usually 52° Fahr., in which case 
no ice is formed and the vapour is deposited as water. 

The air, cooled by its contact with the coils, may be returned 
to the drying space in its cooled state, or may be heated before 
returning to the drying space. When the air is returned cooled 
it absorbs the heat from the drying space and its contents, and 
thus increases its own vapour capacity at their expense. But if 
the air on leaving the cooler is heated to the same temperature 
as the drying space, then its vapour capacity is increased without 
diminishing the temperature of the drying space. Both these 
courses are followed in actual drying operations, the choice 
depending on the nature of the material and its thermal 
characteristics. 

The efficacy of this method of drying is very great, but its 
efficiency and economy are entirely dependent on skilful 
adaptation of the several processes and a complete harmony of 
the various parts of the plant. The outstanding advantage is 
the provision of a pure dry air supply to the drying space, free 
from contamination and independent of all local conditions of 
temperature, humidity, or pressure. 
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Mechanical methods of drying are efficient when the water 
forms a large proportion of the weight, where the association 
of the water with the solid particles is comparatively small, 
and when the solid material is openly porous in structure. 
They are generally suitable when the condition is "soaked" 
or "wet," seldom when "damp," and in most cases leave the 
material " damp " or " moist" As positive direct methods they 
can be regulated, accelerated, and adjusted to meet the needs 
of the substance. Two methods in which purely mechanical 
means are used for drying are : — 

(a.) Pressure, as in direct presses and filter presses. 

(i.) Centrifugal force, as in hydro-extractors and centri- 
fugals. 

(a.) Drying by Pressure. — There are but few cases where 

direct mechanical pressure is utilised in removing water from 

the substance of articles, although direct pressure rolls and 

presses are common to extract liquors, oils, &c. For removing 

some of the surplus water (unwatering) from peat, pressure has 
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been applied in several ways, notably by the Westaway and 
the Higginbottom-Lennox patent squeezers. 

Westaway provided a hollow frame of two sides connected 
at the corners by struts and girders. Between the inner sides 
of the frame and arranged across same are fixed two sets of 
adjustable pressure rollers with an intervening space between, 
which space is wider at the top than the bottom. Above 
and below these pressure rollers are mounted four drums 
over which work two endless bands, one of the bands passing 
around each set of the drums and pressure rollers. These 
bands are independently driven by gearing, and as they 
feed the material (peat) downwards they also compress or 
squeeze it. 

An even simpler form is the Higginbottcnn-Lennox (Patent) 
SqiLeezer, which is illustrated in Fig. 16. This has only one 
continuous or endless band, and squeezes the peat directly 
against the periphery of the large central drum shown. This 
central drum can be adjusted to suit the supply and the band 
by means of screws on the plummer blocks. Having only one 
band allows of a direct simple drive, and at one drum only, 
as the remaining drums are merely for guides and adjustment 
purposes. The whole can readily be fixed up on a stout timber 
framework and conveniently transported to any part of the bog 
where required. 

But there are numerous instances where pressure, either as 
steam or compressed air, serves to remove the water from thick 
liquids by separating the solid components from the attached 
water, as in filter presses. 

Filter Presses are used for semi-solids which contain a 
large proportion of water, say 80 per cent., or are "soaked," 
and leaves them " damp," generally about 20 per cent, moisture. 
This is exactly what is required in sewage sludge. In other 
cases they are used to reduce the moisture to this degree ready 
for the further drying by evaporatiou. They are efficient for 
removing a large bulk of water from granular substances in a 
state of thick mud. 

There are many types and various modifications to suit 
particular substances and the ideas of different makers. 
Essentially they consist of — 
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1. A number of flat sections or chaiiiljera formed of iron 

platea covered with filtering cloths, and supported in 

2. A frame of considerable sti'ength, generally horizontal. 

3. An adjustable crosshead with means of applying 

pressure to the sections. 

The chanil)er3, which vary in number from four upwards to 
fifty, are made of varioua shapes, generally I'onnd or sqiiare. 
They have usually sejMirate outlet cocks to each ehamlier, and 
are made self-emptying, while the washing or steaming arrange- 
ment can be made reversible. 

The iron plates are serrated and eoiTUgated in different 
designs, and the cloths chosen to suit the particular product. 

The frame generally consists of two stout bars with sup- 
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porting legs, and is so constructed as to facilitate the removal 
of the chambers. The crosshead and tightening should admit 
of quick removal, and the pressure can be applied by screw, air 
cylinder, or hydraulic ram as desired. 

The Filta- PreM (Fig, 17) lias stjuare plates similar to Fig. 
18a, which are pressed into position by a hydraulic cylinder 
with a i-eturn motion by counterbalance weights not shown, 
but the chain of which can be seen. The massive tie-bai-s 
and cross-heads are well shown, also the separate outlets from 
each chamber into the common liquor trough in the pit. 
Figs. 18a and 18b show typical forms of the Plates Ixith round 
and square, as adapte<l for different materials and sizes of 
presses. 

Filter presses are used in dealing with the precipitated 
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sludge from the tanks of sew^e farms. This sludge has about 
90 per cent, water, and is pumped into the chambei's o( the 
press, about 110 to 140 lb. pressure per square inch is applied, 
thus removing 80 per cent, of the water, and leaving com- 
paratively dry (" moist ") cakes of 50 per cent, solid matter. 
This most objectionable sludge is thus made into cakes con- 
venient for handling and transport, also practically free from 
smelL 

At the gold mines filter presses are sometimes used for 
iBmovitig the water from the precipitates after leaching, and 
for extracting the solid matter from the slimes. It is found 
to save time and water as compared with decantation, but the 
cost of working is too high for low grade ores. They use com- 
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pressed air at 30 to 60 lb. per square inch, A charge of 
3 tons takes about two hours, fed by pumps or montejus, 
and the air of the montejus accelerates the cyauiding process. 
Another purpose is in concentrating the precipitated p^ments 
at colour works, and similar operations at chemical works. 
Grease is also extracted from magma by specially arranged 
filter presses. 

In sugar manufacture filter presses are usetl in dealing with 
the lime scum of beet sugar. This is delivered into the collect- 
ing vats with about 52 per cent, moisture, and is then generally 
fed to the filter press Viy two montejus, which work alternately. 
The pressure of the montejus also compresses the lime in the 
filter when steam is passed through to dissolve any remaining 
saccharine matter before removing the residue. The filter cloths 
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are frequently dried in the hydro-extractors used in other 
processes at sugar works. 

Fig. 19 shows a typical Filier Press Plant as adapted for 
handling gold slimes expeditiously. The slimes in the monteju B 
are raised into the filter press c by the steam from the boiler D. 
The pressed cakes fall into the hopper, under which a truck can 
be run to receive them. Such a plant does about ten charges a 
day of twenty-four hours of wet pressed cakes which contain 
(by weight) about 30 per cent, moisture. The weight of the 
charge depending, of course, on the size of the filter press. 




B. Monteju 
crater Press 
D. Boiler 
f Engine 



FIG. 19.— riLTER PRESS PLANT. 
(Tb« Qyanide PlAnt Supply Co., Ltd.) 



(&.) Dr3ring by Centrifugal Force.— As a body when in 
motion will continue to move in a straight line unless acted on 
by some external cause, every part of a rotating body has a 
tendency to detach itself and fly off at a tangent to its centre 
of rotation, and any body caused to revolve by a rotating body 
has the same tendency, which property is called centrifugal force. 
Hence any substance on or in a rotating body is thrown oflf at a 
tangent unless means are provided to retain it. This principle is 
utilised in several types of machines, for instance propelling the 
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air by ceTUrifiigal fans, lifting and forcing water in ctyiitrifugal 
pumpSy forcing powders against the meshes in cenirifugal screens, 
spreading the powders in jmeumatic ccTitHfugal separators, crush- 
ing granular materials against the insides of centH/ugal disinte- 
grators. 

Going a step further, it is used to separate two intimately 
mixed substances by putting obstacles which retain the one 
while the other is allowed to fly off. For instance, by retaining 
wet clothes in a rotating basket while the water is permitted 
to take its natural course, and thus be thrown off, lea\dng the 
clothes comparatively dry, as in hydro-extractors and other 
centrifugal drying machines. 

A Cevjtrifugal Drying Machine as now made consists essenti- 
ally of : — 

1. A circular ])asket rotated on 

2. A vertical central shaft and enclosed by 

3. An outer stationary casing. 

The circular basket is drum-shaped, having an open top to 
insert the material, and sometimes a valve in the Ijottom to 
form an outlet for dried powders or crystals. Tlie peripheiy 
is perforated with various sized holes or is covered witli wire 
meshing. The materials used in the construction of the basket 
are steel plates, bronze, copper, aluminium, silver, china, &c., to 
suit the occasion. Those dealing with acids are usually lined 
with lead, though sometimes hard rubber or enamel is used. 
When handling explosives it is found necessary to close the 
top aperture. In all cases tlie symmetry and balancing of the 
basket are of great importance, while the material to be dried 
should be placed as evenly as possible. 

The central vertical shaft presents the critical feature of 
all centrifugals. It may be suspended from above (as in Weston 
and Hepworth types) when it is over-driven, or rest on a 
footstep (as in Fesca type) when it is under-driven. In either 
case the shaft, although running at a higli speed, cannot be 
held in rigid bearings but must have convenience for adjusting 
itself to a true centre, or the vibration would rapidly wreck the 
machine at great risk to the worker. Both types need great 
consideration of the lubrication, and the methods devised by 
the makers are very ingenious. The drive may be by belt, 
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friction pulleys, or direct by steam engine, electric motor, or 
Pelton water wheel, and in all cases should be ample to quickly 
obtain the speed, but wlien once the momentum is obtained 
but a small power is required in well-balanced machines. 
Although the centrifugal force increases continuously as does 
the speed, it has been proved by actual trial that the results in 
drying are not improved by exceeding 1,500 revolutions per 
minute in a 24-in. machine, to a proportionate reduction in the 
larger machines, and in use it is well to l)ear in mind that if 
the load is increased the sj)eed should be diminished. The 
direct drive by small independent or attached motive power has 
the advantages of ensuring a more regular speed, and of allowing 
the work to continue when the main power is stopped. The 
outer stationary casing is generally of light steel plate; it 
serves as a collector for the water and as a guard for the rotating 
basket. 

When the basket is designed to suit laundries and the 
textile trades, these machines are generally called Hydro- 
Extractors, whicli, considering their purpose, is certainly a more 
distinctive term than Centrifugals, which may \\e equally applied 
to machines performing many other duties. Besides ])eing used 
in laundries to extract the water left in washed clotlies, this 
type of machine is usual in tlie dye-houses and finishing 
rooms of textile factories for wool, cotton yarns, cops, piece 
goods, &c. 

Called Ceyvtrifugal machines, they are used in sugar factories 
and refineries, in chemical works, gun-cotton factories, and 
starch factories, where the basket, while retaining the general 
drum-like fonn, assumes numerous modifications in detail, 
fineness of perforation, &c., to suit the different require- 
ments. 

The Broadhcnt Cerdrifuf^cd (Fig. 20) is of the under-driven 
type, V)y direct self-contained engine. The section shows the 
characteristic suspension by rods in exterior columns on a 
cast-iron base plate. This takes up the strains and minimises 
the vibration attendant on high speeds. It also simplifies the 
bearings of the main spindle, as this can be rigid with respect 
to the outer frame casing, since the whole casing is suspended 
and takes the strains in harmony and not at the bearings 
only. The form of the outer casing and basket are clearly 
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shown, together with the valve and shoot for bottom discharge 
of granular substances. 

The Broiidbttnt Elect vwalhj Dnven Hydro-Extraetor is repre- 
sented in Fig. 21. As will be seen in the section, the basket is 
mounted on a vertical spindle supported above and below in 
ball bearings. The armature is built upon a sleeve surrounding 
the vertical spindle, and the field ms^nets are built into the 
framework of the machine. The whole is supported by four 
bolts with cup-and-ball joints, as shown in the figure. This 
ensures that the basket will run concentrically with the frame, 
and renders heavy foundations unnecessary, as any out-of- 
balance effects due to unequal distribution of the materials in 
the revolving basket merely cause the whole frame to swing 
slightly. The normal speed of the basket is 900 revolutions 
per minute. To avoid the use of a heavy starter an automatic 
friction clutch is interposed between the motor and the drum. 
The motor armature is mounted on a sleeve which can revolve 
round the central spindle, and leather-covered friction shoes 
attached to this sleeve fly out by centrifugal force and gradually 
grip an outer ring attached to the central spindle and the drum. 
The weight of the shoes is adjusted so that, at normal speed, 
the friction is exactly suflBcient to transmit the normal power of 
the motor. The motor runs up to full speed almost instantly, 
but the drum is brought up to speed gradually. Starting up is 
therefore quite automatic, and the current taken by the motor 
can never be very excessive. The motor, which can \yQ either 
for continuous or alternating current, is well protected from 
water. Various sizes, from 26 in. diameter to 72 in. diameter, 
can be obtained. All machines are fitted with a hand brake for 
bringing the drum quickly to rest. 

The Laidlaw Hydro- EHractor (Fig. 22) is of the over-driven 
type by belt throughout, but may be by water or electricity. 
The section illustrates the self-balancing and conical bearing 
with the rigid outer casing and overhung liead frame. As an 
hydro-extractor for clothes it has no bottom discharge, but 
ample provision for the water in the trough of the outer 
casing. The Ijelt drive gives great adaptability in adjustment, 
and allows of a slower speed from the main drive. 

The latest form of hearing for this overhung type is shown 
in Fig. 23. The conical form of the buffer greatly assists the 
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self-adjuBtment, and tends to control the oscillation of the 
centrifugal. The ball bearings have four circumferential rows 
of balls fitted in the cone c. They only require to be greased 
occasionally, not lubricated with oil. Lubrication has been 
a very sore point with all centrifugals as with other high speed 
machines, and the removal of this difficulty is of great importance 
to users. 

In applying for quotations or in ordering centrifugals of any 
kind, it is best to state clearly the material and purpose it is 
for, also the quantity desired to be dealt with at one time of 
filling. To obtain the necessary capacity for the quantity, 
it is most convenient to fill any box or basket with the 
quantity of the actual article, and measure up the cubical 
contents. 

In Fig. 24 there is a complete plant of Laidlaw CerUH- 
fiif/als for producing white sugars, by separating (or drying) 
them from their syrups. At the same time it gives a lucid 
section of a Self-Dischargmg CaUrifugnl {Patent), especially suit- 
able for raw sugars l)efore refining. In this type the material 
falls on to a spreading cone which tlirows it rapidly to the 
sides, where the solid particles remain lield by centrifugal force 
so long as the machine runs. When the machine stops, the 
solid particles fall automatically into the receiving hopper 
below deprived of their surplus liquor. 

Taking the plant seriatim from the feed, by truck or other- 
wise from the crystallisers into the receiving hopper, the wet 
sugar is elevated by a tubular elevator into the storage hopper, 
whence it falls into the preliminary centrifugal to remove the 
thick molasses. This first ce/ntrifugal is of the self-discharging 
kind described above, and will handle 3 to 5 tons of wet sugar 
per hour. From this large centrifugal the sugar falls into the 
pug mill, where it is sprayed and mixed with the thin molasses 
from the small centrifugals. The second tubular elevator 
delivers the mixture into the usual mixers and purgers above 
a battery of small centrifugals. The centrifugals are of the 
over-driven type by independent water motors, and dry the 
sugar for the second time, thus keeping the two liquors apart 
while securing a more thorough purging and dryuig. The drive 
can be by belt or direct steam where advisable. The frame- 
work and structural work is of steel channels and bars 
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throxighout, suitable for any climate, while ready for immediate 
erection on delivery. 

A water driving gear for a centrifugal is illustrated hy the 
cut-away section, Fig 25, which, together with the interlocking 
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gear shown in elevations. Figs. 26 and 27, forms a very 
compact, economical, and readily eontroUalile driving arrange- 
ment for twin centrifugals, allowing of alternate or eoinliined 
running. 
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As will be seen from Figs. 25 and 26, the water motor 
is fixed above the framing, and drives the centrifugal basket, 
which is below it, through an elastic coupling, the basket being 
fixed at the lower end of a vertical spindle which has only one 
bearing. The water motor, which is of the Pelton-wheel type, 
rotates on a ball bearing around a fixed spindle. The body of 
the motor (Fig. 25) is carried upwards and is turned over the 
casing with a double flange, upon which the buckets are 
mounted. The flanges prevent the water spray from getting 
over the top. The spent water is thus compelled to flow 
through the return-water pipe back to the water tank which 
supplies the pump for driving the machine. 

To the bottom of the water-motor boss there is bolted a 
driving flange, upon the upper side of which there are mounted 
the governor balls in an oil-tight cavity, partly filled with 
lubricating oil, below the upper ball bearing. The governor 
balls are held in the off position by the governor springs. The 
arms are coupled by a rod passing up the hollow spindle in the 
centre of the motor to a lever working on a fulcrum placed on 
the top of the motor-case cover; a swivelling cross-head, through 
which passes the governor rod, is fitted at the outer short end 
of the lever. When the machine attains full speed, the governor 
spindle is mov^ed upwards and the governor rod is pressed down- 
wards, when it acts on a trigger, cutting off the water from one 
of the two jets — the accelerating jet — which can be seen in Fig. 
25, leaving the smaller, maintaining jet on the opposite side in 
operation. 

Underneath the beams is the elastic bearing carrying the 
upper end of the basket spindle. Into this are fitted india- 
rublxjr buffer rings separated from each other by a loose 
U -sh^ed cast-iron ring (Fig. 25). Both top and bottom buffers, 
theremre, support the weight of the centrifugal basket. This 
patented arrangement of buffers gives great resilience and 
perfect steadiness to the machine when running with a bal- 
anced or unbalanced load, and as the buffers are separated by 
the loose U -shaped caust-iron ring, any wear on the l)ottom buffer 
is compensated for. The ball-bearing housing fits inside the 
indiarubber buffers, and contains the compound ball bearing. 
To permit of the oscillation of the centrifugal spmdle and 
basket, the water wheel above, which does not oscillate, is 
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connected to the brake pulley on the top of the centrifugal 
spindle by three links, the eyes of which are slipped over the 
points of the driving pins into a groove. The links thus 
form a strong flexible coupling, both simple and effective. 
The motor or the centrifugal can be detached, when desired, 
by slipping off the links. 

Tlie brake band is supported by an angle iron resting on a 
flange in the suspending bracket, there being tluis no possibility 
of the brake droo})ing unequally. When the brake is off there 
is an equal space all round between the brake band and the 
brake pulley. 

The interlocking gear is shown in Figs. 26 and 27. This 
works as follows : — When the accelerating lever is pushed over 
from right to left, it opens tlie accelerating water valve, which 
is on the left hand of the motor case, and, by means of a short 
connecting link, it opens at the same time the maintaining 
water valve, which is on the right hand of the motor case, and 
so causes the jets shown in the section. Fig. 25, on both sides of 
the water wheel to act on the water-wheel cups. When the 
hand is removed from the accelerating lever, a spring is pre- 
vented from cutting off the accelerating water valve by the 
point of a small round horizontal trigger rod pressing against 
the jaw of a trigger-rod bracket, the trigger rod being pulled up 
into the horizontal position by the governor springs contracting 
when the machine was stopped the previous time. When the 
machine attains full speed, the governor, as above stated, pushes 
down the governor rod, which, in turn, pushes down the trigger 
rod, when the spring on the accelerating lever will shut off the 
accelerating water valve. The maintaining water valve is not 
affected by this operation, and remains open until it is desired 
to stop tlie machine, when it is shut by hand and the brake 
applied. 



Table I. — Centrifugal Outputs. 

The Weston type is largely used in sugar factories and 
refineries. The table l)elow gives data of good modern practice 
in its use : tlie power given is that for getting up the momen- 
tum, and is reduced to about one-third when running. 
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no, 28. — VERTICAL V 

(T. Roblumi k Bod, Ltd.) 
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Speed of 


Indicated 


Basket 


Diameter 


Basket in 


HP. 


Capacity 


of Basket 


Revolu- 


required 


in Cubic 


in inches. 


tions per 


for One 


Feet, 




Minute. 
Revs. 


Machine 
I.H.P. 


net. 


Inches. 


Cub. Ft. 


30 


1,200 


4 


4 


36 


1,000 


5 


5 


42 


850 


675 


7-8 


48 


750 


8 


10-3 


54 


1 700 


9 


11-9 


60 


600 


10 


134 



Approximate Output of kach Machine in 
Lb. pbk Hour. 



Qualities of Sugar. 



In Factory. 



1st. 

2,100 
2,350 
2,800 
3,750 
4,000 
4,200 



2nd. 

616 
770 
1,200 
1,586 
1,832 
2,063 



In Refinery. 



1st. 

4,040 
4,480 
5,380 
7,170 
7,620 
8,070 



Snd. 

1,335 
1,478 
1,775 
2,366 
2,540 
2,690 



frd. 

1,010 
1,120 
1,345 
1,792 
1,905 
2,015 



Table II. — Hydroed Kesults. 

Comparison of residual moisture in wet cloth when twisted, 
when pressed, and when hydroed in a 26-in. machine running 
at 500 to 600 revolutions. 





Flannel. 


Calico. 


' Silk. 


Linen. 


When twisted - 
„ pressed - 
„ nydroed 


200 

roo 

•60 


1000 
•6 
•35 


•95 

•5 

•3 


•75 
•40 
•26 



Centrifugal force has been further developed for drying by 
a combination of the centrifugal action and ventilation. This 
machine, as illustrated in Fig. 28 by a general view, is more 
clearly shown in the vertical and horizontal sections of Figs. 
29a and 29b respectively, while Fig. 29c is the plan. It is called 
a Veiiical Whizzer, and is used to " unwater " and partially diy 
corn as it leaves the washer and stoner. The corn being fed 
into the inlet spout at the bottom of the whizzer is at once met 
by a series of lifters. These lifters are of angle iron section 
shaped to lift but not abrade the corn. They are travelling 
at a velocity of 3,000 ft. per minute, and cany the corn round 
the periphery of the machine in an upward direction to the 
delivery spout at the top. During this high speed transit the 
water is thrown off the corn. Thus a more complete action 
is obtained than in a hydro-extractor (or centrifugal) of the 
basket type, besides the continuous automatic feed and delivery. 



•46 DRYING MACHINERY AND PRACTICE 

The mechanism ia very 
simple: the lifters are 
attached to a, skeleton 
drum, consisting of a ver- 
tical steel shaft with cast- 
iron spider arms carefully 
lialanced to prevent vibra- 
tion. The drum is sup- 
ported by a footstep bear- 
ing, and is belt driven by 
pulley at the top, and is 
the only moving part of the 
machine. Outside of and 
eoTiceiitric with the dr\im 
and lifters is a galvanised 
steel perforated casing in 
removable sections through 
which the water is ex- 
ri(!. asA.— vEKTicAL wKixi^R pellet!. A splash guard or 

<r. RoMnwokSoD, ud.) covef »f sheet steel is 

araund the casing to con- 
duct the water into the heavy cast-iron base ring. The whole 
ia self-contained in a suljstantial framework of cast iron to 
which are attached the lubrication pi])es for the footstep 
bearing. 
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Evaporation. — ^Wherever there is water, from its free surface 
arises vapour. It occurs slowly even while the water is in the 
solid form as ice, and increases in speed with every increase of 
temperature. This evaporation proceeds whatever the pressure 
of the atmosphere about it may be ; although an increased atmo- 
spheric pressure decreases the speed, it does not lessen the final 
amount per cubic foot of space. The amount of evaporation is 
only limited by the fact that a certain space can only contain 
a fixed weight of aqueous vapour at any given temperature. 
As the vapour arises it forms an atmosphere of its own quite 
independent of the presence or absence of any air. When this 
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aqueous atmosphere has attained a certain density for each 
temj)erature, it is said to be saturated, and its own elastic 
pressure prevents any further evaporation until the density is 
lessened by the removal of some of the vapour. In an oi)en 
atmosphere the natural tendency of this aqueous vapour to 
diffuse like any other gas prevents any particidar space becom- 
ing fully saturated, hence under natural circumstances mtnratwn 
is seldom reached. 

This diffusion is comparatively slow at low temperatures, 
but as the temperature rises the elastic force incretises in 
greater degree (thus at 12" Fahr. it is equal to a pressure of 
•074 in. of mercury, at 32° Fahr. it is 181 in., at 52° Fahr. 
it is '388 in., in other words a rise of 20° Fahr. increases the 
elastic force 24 times, and 40° Fahr. increases it 5*2 times) 
and the diffusion increases in speed proportionately to the 
augmented elastic force. From the above it l)ecomes at once 
apparent that : (1) the amount of free surface, (2) the amount 
of heat, (3) the pressure of the atmosphere, and (4) the diffusion 
of the aqueous vapour, are all factors in regulating the possible 
speed of evaporation or diying by evaporation. Altliough it 
is the combination of these that regulates the speed of 
drj^ing, it will l)e best to consider each separately. There 
are other factors which govern the desirable speed of drying, 
for instance, the physical and chemical nature of the material 
to \)G dried, but this is an aspect not under consideration at 
the moment, although one which essentially is of primary 
importance in all practical drying. Again, the drying has 
to lje considered in regard to cost, and this often leads to a 
compromise, as the most efficient mechanically may not l)e the 
financially economical. 

Thus it becomes necessary to carefully consider the 7vet 
material and the dried product desired from e^'er3'^ aspect, 
especially as to how it is affected by heat, by vapour, and by 
the air. So it is proposed to take a general view of these three 
factors in their relation to drying operations. Then to consider 
the application of the heat to drying, the removal of the vapour 
arising from drying, and the handling of the wet material and 
the dried product preparatory to and during the drying. 
Following which it is proposed to describe and illustrate the 
installations on various systems for practical drying of sundry 
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wet materials to obtain diverse dry products, the consideration 
of the material naturally arising in connection with the differing 
arrangements and applications of the several methods. 

Heat. 

The researches of Davy, Eumford, Joule, and others have 
fully demonstrated the dynamical theory of heat. Briefly stated, 
this theory is that heat is a form of energy developed as the 
relative motion among the molecules or particles of the heated 
body. This energy or motion being capable of transfer from 
one body to another, and thus, while generated in the one body, 
may heat or cause molecular motion in one or more other bodies. 
Some of this transferred heat (or thermal energy) is used as in- 
tei*nal wwk in amplifying the oscillations by which an increase 
of volume is produced, or in completely altering the relative 
positions of the molecules by which a change of state is effected, 
or as exteimal work in overcoming the pressure of the atmosphere. 
The heat thus used does not affect the apparent heat or tempera- 
ture of the lx>dy to which it is transferred, and hence it is called 
hidden or IdteTvt heat. Whereas the portion of heat which causes 
a rise of temperature is apparent or sensible heat, and can be 
gauged by a theriaoTTieter, 

For instance, ice at 0° Fahr. rises steadily in temperature 
as heat units are absorbed till it reaches 32° Fahr., when at 
29*921 lb. pressure the temperature rises no more, however many 
heat units are supplied, till it assumes the liquid form as water 
at 32'' Fahr. The amount of heat units absorbed during the 
interval is the latent heat necessary to produce the internal 
work of conversion, and it is found that every pound of ice 
requires 143 B.Th.U. to convert it to water at the same tempera- 
ture. This is called the latent heat of water. Still adding heat 
to the water at 32° Fahr., it steadily rises in temperature till 
it reaches 212° Fahr., at 29*921 in. of pressure, all the addi- 
tional heat units showing on the thermometer. Then again 
comes a critical point, and however many units of heat are added 
after 212° Fahr, is reached, none are apparent till the water 
becomes vapour or steam at the 212° Fahr. It is found that 
every pound of water at 212° Fahr. absorbs 966 B.Th.U. to 
produce steam or aqueous vapour at the same temperature, 
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This is called the lateiU heat of vapour, and it is found that to 
convert water into aqueous vapour at lower temperatures than 
212° Fahr. requires more latent heat than the 966 B.Th.U. 

Other bodies act in similar ways in absorbing heat in trans- 
forming from the solid to the liquid state, and from the liquid 
to the gaseous, but their critical temperatures are not identical, 
and the amount of latent heat varies very greatly in different 
bodies. This latent heat is of vital importance in calculating 
drying capacities, and is referred to later under " Vapour." 

Heat Transmission. — Heat is transmitted from its source 
of energy by (1) conduction, when the molecular motion passes 
through the substance of the body and thus heats more remote 
pai-ticles; (2) convection, when particles are heated and move 
away, carrying their thermal energy to other particles or 
bodies ; and (3) radiation, when the motion passes through the 
ether or other intervening medium which is not heated thereby, 
to some other body which may absorb it. Each of these methods 
of transmission is used in drying machinery, while some dryers 
utilise all three. The subject is treated under the various 
methods of applying the heat, both in regard to efficiency in 
transmission, and economy in preventing transmission losses by 
means of insulation. 

Specific Heat. — The addition of a certain number of units 
of heat to a cubic foot of water causes the increase of its 
temperature by a certain number (practically the same number) 
of degrees as marked on the thermometer. If the same heat 
units were added to a cubic foot of aqueous vapour at the same 
temperature, it would cause a very much greater increase of 
temperature, and if they were added to a cubic foot of air at 
the same temperature the increase would be greater still. This 
arises from a difference in heat absorbing capacity of the 
respective bodies, the term specific heat or calorific capojcity 
being applied to this property. For convenience, water is taken 
as the standard of calorific capacity and denoted as unity, or its 
specific heat is 1, then aqueous vapour is '480, while air is -237. 
In other words, owing to their specific heats, the same amount 
of heat as will raise water 1° Fahr. will raise the same weight 
of -aqueous vapour at the same temperature and under the 
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same pressure .t^ = 2'05° Fahr., or dry air under similar con- 
ditions ;^5==4^2° Fahr. Hence the specific heat of the various 

materials to be dried, of the water to be evaporated, of the 
aqueous vapour into which that water is transformed, and of 
the air used for the convection of the heat and the removal of 
the aqueous vapour, all need consideration in calculating the 
required quantity of heat for drying apparatus. 

Table III. — Specific Heats. 

The calorific capacity as compared with the same weight of 
pure water at the same temperature, 39° Fahr., and at the same 
pressure, 29'921 in. of mercury. 



1-000 


Ammonia gas - 


- -508 


•489 


Ether vapour - 


- -481 


•480 


Alcohol - 


- -062 


•237 


Alcohol vapour 


- 453 


•113 


Carbonic oxide gas - 


- -245 


•032 


Graphite - 


- -202 


057 


Wood charcoal 


- ^241 


•031 


Silicon crystallised - 


- -176 



— Ganot 

Expansion by Heat. — All bodies expand by the action of 
heat. As a general rule, gases are most expansible, the liquids 
next, and lastly solids. In the case of liquids and solids this is 
measured by the increase in volume. This increase is practi- 
cally uniform for air and other gases for every degree added to 
their temperature, when the pressure remains constant, and the 
coefficient of this expansion is ^iir for each Fahrenheit degree. 
When calculating the capacity of fans this coefficient must be 
allowed for, especially in dryers where air at three or more 
diiferent temperatures and corresponding volumes are to be 
transmitted, but the expansion of solids and liquids has not 
much influence in connection with drying. 

The expansion which is most noteworthy in connection 
with drying operations is that caused directly by the change of 
water from the liquid to the gaseous condition as vapour or 
steam. Thus at atmospheric pressure : — 
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1 cub. ft. of water at 212° weighs 
1 cub. ft. of steam at 212° weighs 

1 lb. of water at 212° occupies - 
1 lb. of steam at 212" occupies - 

1 lb. of water at 212° contains - 
1 lb. of steam at 212° contains - 



5-97 lb., 
•03826 lb. 

•0161 cub. ft. 
26-14 cub. ft. 

181-8 B.Th.U. 
1146-9 B.Th.U. 



Thermal Capacity of Air. — The capability of the air for 

absorbing and transmitting heat are of vital importance in all 
calculations for drying by evaporation, hence the Table IV. will 
be found useful for reference, and needs no further explanation. 

Table IV. — Thermal Capacities of Air. 



Temperature 
Fahrenheit. 


B.Th U. Absorbed 

by 1 Cub. Ft. Dry 

Air per Decree 

Fahrenheit. 


BTh.U. Absorbed by 

1 Cub. Ft. Saturated 

Air per Decree 

Fahrenheit. 


Cub. Ft Dry 

Air Warmed 

1 Dee. per 

B.Th.U. 


Cub. Ft. Satu- 

rated Air 

Warmed 1 Deg. 

per B.Th.U. 





002056 


0-02054 


48-5 


48-7 


12 


002004 


0-02006 


501 


500 


22 


0*01961 


001963 


51-1 


51-0 


32 


0-01921 


0-01924 


52-0 


51-8 


42 


001882 


0-01884 


53-2 


52-8 


52 


001847 


001848 


540 


53-8 


60 


001818 


0-01822 


55-0 


54-9 


62 


0-01811 


0-01812 


56-2 


55*7 


70 


0-01777 


001794 


57-3 


56-5 


72 


001777 


001790 


58-5 


66-8 


82 


001744 


0-01770 


57-2 


56-5 


92 


001710 


001751 


58-5 


571 


100 


001690 


0-01735 


591 


57-8 


102 


001682 


001731 


59-5 


57-8 


112 


0-01651 


0-01711 


60-6 


58-5 


122 


001623 


001691 


61-7 


59-1 


132 


001596 


0-01670 


62-5 


59-9 


142 


001571 


0-01662 


63-7 


60-6 


152 


0-01544 


0-01654 


65 


60-5 


162 


001518 


001656 


62-2 


60-4 


172 


0-01494 


0-01658 


67 1 


60-3 


182 


001471 


001687 


68-0 


59-5 


192 


001449 


• • • 


68-9 


• • ■ 


202 


0-01466 


... 


68-5 


• • • 


212 


001406 


• • ■ 


71-4 


• • • 



Measurement of Heat. — Latent heat is measured by means 
of calorimeters, which are only suitable for laboratory use. 



THEUMOMETEKS 

Sensible heat is measured by thermometers 
and pyrometers, which are necessary for con- 
stant use in connection with all economical 
and efficient drj'ing operations. 

For use with drying plant the thernio- 
nieters, while necessarily sensitive and 
accurate, need to be well protected and 
strong. Fig. ISOa shows a gootl form for 
general use, with short stem tor steam 
pipes, railiators, &c. Fig. 30b shows the 
angle stem for insertion in fines, ducts, or 
tlirougli the walls and insulations of rooms 
or ovens. In each style the scale can lie 
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meters are used. One form of these consiste essentially of a 
coil of fine platinnui wire protected by a porcelain or metal 
tube. It is connected to one arm of a Wheatstone's bridge 
by leads, wliile compensating leads are connected in the other 
ann of the bridge to eliminate the effect of changes in the 
length or temperature of the leads themselves. By nieaanring 
the resistance of the platinum coil, its temperature may be 



(Oambridg* SdenUBQ Innrumwt Co., Ltd,) 

determined, as its resistance \'arie8 with the temperature 
accoi-ding to an aeeiiratoly known law. 

There are various methods of indicating and recording the 
results. Among the instruments used for tliis purpose may be 
mentioned ; — 

The Callcndcr {Patent) Klcdric Jiccoi-tkr (Fig. 31), which is a 
Wheatstone's bridge, in wliicb the balance on the bridge wire is 
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obtained automatically and recorded on a chart. Tlie charts 
are 10 in. in width, and are graduated bo tliat the tempera- 
tures may be read directly. The range across the chart may 
be of any desired value from a few to a thousand or more 
degrees. 

The Whipple {Patent) Ekdrk Temperature Indicator (Fig. 32) 
is a portable instrument on the same principle as the above, but 



e (PATBNT) TBHPERATORE 
(Cunbrldia SdcnUflo iDtUvment Co., Ltd.) 

the bridge wire is arranged compactly in a spiral form, and the 
balance point is obtained by hand adjustment. Tlie scale is very 
open, and although the total range is 0° to 1,200° Cent., readings 
can be obtained to J" Cent. Both instniments are extremely 
accurate and largely used for commercial purposes. The pyro- 
meter p is shown connected up to the bridge studs, ready for 
insertion into the heated space. 
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Fuel Values. — In designing and working all types of 
evaporative drying apparatus, the heat supply is of importance, 
and the fuel necessarily needs consideration. Table V. gives 
the approximate theoretical values of various fuels in heat units, 
and the theoretical amount of water which should be evaporated 
by each pound of these fuels. The figures are only capacities, 
however ; the actual results in best working conditions would be 
about 50 to 60 per cent, of these amounts. 

Table V. — Calorific Value and Evaporative Power 

OF Fuels. 



Average Samples. 


Toial Heat of 
Combustion. 

1 
B.Th.U. 
14-858 
14*820 
13-860 
14-296 
13-918 
14-164 
13-302 
14-038 
15-525 
11-030 
15-000 
14-263 
11-444 
12-832 

7-800 

9-961 
19-640 


Welsh anthracite .... 

Newcastle coal 

Derbyshire coal 

South Yorkshire coal 

Lancashire coal 

Scotch coal 

Irish anthracite 

French anthracite - . - . 
French, hard bituminous - 

Chilian coal 

Patent fuel briquette - 

Lignite, Russian - - . . 

Lignite, ordinary .... 

Coke, West Warhani - . - - 

Woods (when dry) - - - 

Peat (fairly dry) 

Petroleum 



Evaporative 

Power from and 

at 212 deg. Fahr. 



Lb. 
15-52 
15-32 
14-34 
14-71 
14-56 
14-65 
14-5 
14-53 
16-10 
11-68 
15-66 
14-7 
12-0 
13-30 

8-1 
10-30 
20-33 



-Seaton, 



Air. 



The atmosphere consists of a mechanical mixture of 
21 volumes of oxygen to 79 volumes of nitrogen, a variable 
quantity of aqueous vapour and small quantities of various 
other gases, besides traces of animal, vegetable, and mineral 
matter under most circumstances. 



Air as a Drying Medium. — These substances form the 
gaseous fluid called air, and air is the most important medium 
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for drying by evaporation It should be well borne in mind that 
air is only a medium or accessory, not a primary cause of drying. 
Rapid and thorough drying can be done in the entire absence of 
air as in vacuum plants. The mere presence of air is in fact an 
obstacle to drying, although properly applied it can be and is 
used in by far the largest proportion of drying installations, 
as the most efficient and economical medium for drying. In most 
installations it is used as the vehicle for (1) applying the heat, 
and (2) removing the vapour, which are the essential work of 
drying, while in some it is also used for (3) handling the 
material and delivering the dried product. 

Heat Vehicle. — With regard to heat, the air is a bad 
conductor, in fact it is questionable whether it has any true 
conductivity, while all substances between whose particles air 
remains stationary offer great resistance to the propagation 
of heat. But the air readily absorbs heat, its specific heat being 
•237, and so every unit of heat raises it above 4° Fahr. as 
compared with V Fahr. for water, further with every increase 
of temperature its elastic force is greater, which tends to 
disperse and convey its lieat, thus warming the surrounding 
materials by convection. Its fluidity and weight tend to bring 
it into intimate contact with the surface of the material, thus 
vaporising the moisture thereon. 

As a vehicle for applying heat the air thus offers great 
facilities, and has the further advantages that it can be 
applied in exact quantities whether large or small, at exact 
speeds whether swift or slow, at exact pressures whether 
high or low, at pressures which are so elastic as to be 
entirely uniform and not destructive of the finest fabrics, 
and these quantities, speeds, pressures, are under control 
for instantaneous application, increase, decrease, or with- 
drawal. The air enables any quantity of heat required 
to vaporise any given amount of water to be supplied at 
temperatures as low as the material necessitates, and as rapidly 
as can be allowed, while the facility of its own withdrawal 
saves the necessity of removing the material on the completion 
of the operation. Thus it will be difficult to find any other 
vehicle which can approach those of the air as a means of 
applying heat for drying purposes. 
8 
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Vapour Vehicle. — ^As to the removal of the vaporised 
water, the fluidity of the air is a great advantage by enabling 
it to be moved by a minimum of power and with a minimum 
friction, also in moving it carries with it the aqueous vapour 
wliose molecules are commingled with its own. 

But in its weight the air has a beneficent property so far 
as facility of handling the air mixtures is concerned. Especially 
is this noticeable at the lower temperatures, and it is at the 
lower temperatures where dr}'ing is more difficult. The elastic 
force of aqueous vapour is regulated by its temi)erature, and 
at any given temperature a given space can only contain a fixed 
quantity even when saturated. 

By referring to Table VI. of weights of air mixtures, 
it will be noted that at the i)re88iire 29*921 in. the 
utmost vapour in 1 cub. ft. at 0'' Fahr. is *000079 lb. and at 
:V2' Fahr. is 000304 lb., while even at 92° Fahr., whicli is too 
high for some materials, the weiglit is still only -002250 lb. 
I>er cubic foot. 

Xow these weights show how attenuated the vapour is at 
low and even moderate temperatures — no propeller or fan could 
efficiently deal with them, while even a pneumatic pump is 
working under strenuous conditions with an exceeding small 
output. 

By the same table is shown the utility and the adaptability 
of air as a vehicle for facilitating rapid removal of this attenuated 
atmosphere of vapour. Thus 1 cub. ft. of mixture may contain 

at 0** Fahr., vapour 000079 lb., air -0863 lb., 

i.e., air is 1,092 times as heavy ; 
at 32" Fahr., vapour 000304 lb., air 0802 lb., 

i.e.y air is 263 times as heavy ; 
at 92** Fahr., vapour -00225 lb., air 0684 lb., 

i.e., air is 30 times as heavy. 

Sliowing that when the vapour is at extreme attenuity the air 
is many times its weight, and acts as the necessary ballast to 
secure efficient pro})elling or draught. As the vapour l)ecomes 
less attenuated tlie air is less necessary and decreases in weight 
by the agency of the same lieat as increases the vapour. 

Further, by the same table in comparing the total weights of 
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the mixture at the several temperatures this adaptability is still 
further emphasised, when it is noted that for 1 cub. ft. 

at 6" Fahr. total weight of mixture -086379 lb., 
at 32' Fahr. „ „ 080504 lb., 

at 92'' Fahr. „ „ -070717 lb. 

So that as the inert air is less required for ballasting, not only 
is its quantity lessened, but it is so much lessened that the 
total weight is decreased when the propeller has an increase 
of the more difficult body (vapour) to cope with. While if the 
vapour be not present to a saturated degree, the air is still there 
in full weight according to the pressure and temperature. 

Thus air, which is a bad conductor of heat, and whose weight 
tends to retard evaporation, when properly applied, is wonder- 
fully adapted and adaptable for drying purposes, both in apply- 
ing the heat and removing the vapour, especially so at low 
temperatures. 

Air Pressure. — At the sea level weight of the air is 14*7 
lb. to the square inch of surface, or as shown on the barometer 
29-921 in. of the mercury column. This is taken as a point to 
calculate other pressures, and is called one atviosphere. This 
weight decreases as the altitude increases, so that by its pres- 
sure the height of place may be determined. The wciglU also 
varies with the temperature, but only in a comparatively minor 
degree to that of aqueous vapour, and in the opposite direction, 
for 1 cub. ft. under one atmosphere pressure, 

at 0' Fahr., air weighs -0863 lb., vapour -000079 lb.; 
at 32' Fahr., air weighs -0807 lb., vapour 000304 lb. j 

air has lost -0056 lb. only, vapour gained -000225 lb. = 3 times; 
at 212" Fahr., air weighs -0591 lb., vapour weighs -036820 lb.; 

air has lost -0273 lb. = ^ loss, vapour has gained '036741 lb. 
= 46,075 times. 

Just as the nitrogen of the air acts as a diluent to the active 
properties of its oxygen, and prevents the rapid combustion 
of terrestrial objects by oxidation, so the weight of the air acts 
as a counterbalance to the energy imparted to the molecules 
of water when transformed by heat into aqueous vapour. The 
greater the pressure of the air, the more heat units are absorbed 



60 DRYING MACHINERY AND PRACTICE 

as latent heat in the internal work of the change of state and 
of the external work of lifting this weight, so that less 
evaporation occurs in the period. If this weight were removed, 
the transformation to vapour would be instantaneous, as is seen 
when under vacuum and at boiling pointy when the elastic force 
of the vapour balances the weight of the air at that temperature, 
^ence the reason wliy under reduced air pressure, for instance 
on a high mountain, the air weighing less and the elastic force 
of the vapour remaining exactly according to its temperature, 
the water boils at a lower temperature, or in other words, the 
energy having less to spend in lifting, the more rapidly 
transforms the water into vapour or steam. 

The weight or pressure of the superincumbent air at any 
time and place is usually measured by a barometer, but other 
air pressures are usually measured by pressure gauges of the 
spring type. 

Barometers are mostly constructed on the principle of the 
Torricellian Tube, although there are aneroid barometers with- 
out any liquid. The tube type are more reliable and take the 
form of a long tube closed at the top end, while the open end 
rests in a cistern or is bent into siphon shape. The long tube 
is filled with mercury or water, then inverted over the cistern. 
The air pressure on the liquid in the cistern or on the open leg 
of the siphon maintains the liquid in the long closed tube at a 
height varying with the nature of the liquid and the amount of 
the pressure. If the liquid be water the corresponding height 
of column w411 be about 29 ft., whereas it will be about 29 in. 
if mercury. Hence these are divided into feet and inches i-espec- 
tively, and the pressure expressed as inches of mercury or feet 
of water — or in the French units as metres of water and milli- 
metres of mercury. 

Other air pressures and steam pressures are measured by 
pressure gauges which act through springs which indicate the 
movement of a diaphragm. This diaphragm covers a hermeti- 
cally sealed space from which the air has been exhausted. As 
the pressure varies it causes a corresponding variation in the 
tension of the spring, which variation is increased by the 
mechanism and indicated on the dial to any required degree of 
accuracy. The unit here adopted is that of the number of lb. 
per square inch of surface or kilos per square centimetre. The 
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Tlien by Table VI. we find- 
Air, 52° Fahr., 25 per cent, humid, less than 'OOOIG lb., of vapour, 
i.e.f 3*1 per cent, humidity for 122" Fahr. making no appreci- 
able difference to its weight. 
Air, 92° Fahr., saturated, holds - - - -00225 lb. vapour. 
Air, 92° Fahr., 75 per cent, only, holds - - -00169 lb. „ 

.-. It has less vapour by - - . - - -00056 lb. 

which vapour is replaced by about j = -0009 lb. 

of diy air, showing 

an increase of 0009 - -00056 = -00034 lb. 

Since the air enters at 122° Fahr., at 96*9 per cent. 

humid, weighing -0682 lb., 

and leaves at 92° Fahr., 75 per cent, humid, weighing -070717 

+ -00034 = -07 1057 lb., 
.-. it is -071057 - 0682 = -002857 lb. per cubic foot heavier = 4*2 per 

cent, heavier than at entry. 

Presumably, therefore, the outlet should be at the bottom, 
but this is a question in which the nature and condition of the 
material have as usual to be fully considered before deciding on 
the design of the apparatus. 

For instance, in drying, where the weight of the material is 
great compared with the moisture to be evaporated, heating of 
this material becomes an important factor. This heating may 
be by conduction or radiation, and necessarily from below, when 
outlets at the top are often found most economical. 

Expansibility of Air. — The expansibility of air is another of 
its properties which has a direct bearing on its use as a drying 
medium. The air expands with increase of temperature similarly 
to the permanent gases, i.e., for every added Fahrenheit degree 
it expands ^j^ of its volume, and contracts equally for heat 
eliminated. As the air enters the dryer hot it is expanded, and 
so tends more to press itself into the material, and thus impart 
to the material the heat conveyed. Having lost some of its 
heat and incidentally vaporised the surface water it contracts. 
In contracting it comes away from the surface, doubly facilitat- 
ing the drying by leaving the aqueous vapour more freedom to 
expand, and at the same time bringing away with it the associ- 
ated vapour. 
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Tlius the natural process of the air under ordinary 
atmospheric conditions during drying is (1) entry in a heated 
and expanded state, thus ensuring intimate contact with all 
surfaces of the material, and (2) exit in a cooled and contracted 
state, thus relieving the surface tension and removing the vapour. 
An ideal dryer would then appear to be one which followed this 
natural process by supplying the air to the dryer under pressure 
to obtain the intimate contact, and withdrawing it under partial 
vacuum to accelerate the vaporisation and dispersion. 

But "you cannot eat your cake and have it." It is not 
practicable to produce artificially in bulk what Nature does in 
detail ; in other words, you cannot be utilising a state of pres- 
sure and a state of partial vacuum in the same space at the 
same time. Nature is dealing with the individual molecules 
of air, which is a bad conductor, and conveys heat by its 
molecules. 

The air, however, is a very adaptable vehicle, eminently and 
evidently intended as the drying medium, for the air can be 
forced into the dryer by a blast fan under pressure, the current 
cut off, and then the air withdrawn by an exhaust fan, tlius 
following Nature's ordinary procedure, but increasing the 
efficiency by intensifying its changes. As the transmission of 
the heat from tlie molecules of air to the material is not 
instantaneous, nor yet is the dispersion of the vapour into the 
air, it would appear that a slight interval between the two 
processes would allow both operations to be canied out more 
completely, and increase the amount of the resultant drying. 

These several jpriyperties of the air are well summarised in 
the Table VI., which also gives similar particulars as to 
aqueous vapour, and saturated mixtures of air and aqueous 
vapour. The table is based on the experiments of Regnault 
and others, but this compact and useful form has been compiled 
by the Sturtevant Engineering Co., Ltd., by whose permission 
it is used. As each characteristic is dealt with in detail in 
other portions of this book, it is not necessary to recapitulate 
here, especially as the headlines are explicit and simple. 

It is, however, well to remember that in speaking of a 
given volume of air it is necessary to consider its pressure 
and its temperature in every case. With aqueous vapour 
temperature alone is sufficient, so long as it is a saturated 
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vapour, otherwise the degree of humidity if with air, or the 
amount of superheat if in vacuum, must he considered. As in 
drying operations tlie pressures, temperatures, and degrees of 
saturation are continually changing, it will be simplest to 
calculate lioth air and vapour as well as tlieir mixtures in 
weights, preferably pounds, and then extend where necessary 
into volumes. 

In the tables only one yi-essiire is dealt with, but that is 
the one approximately obtaining under all usual practice where 
air is utilised as the drying medium. The artificial variations 
are not usually so different as to materially affect the results. 
Where air is not pre- 
sent, as in vacuum 
plants, then the pres- 
sures are so far dis- 
pensed with, as in 
any case it is teni- 
jierature, not pressure, 
which decides tlie 
weight of the vapour 
whicli may be con- 
tained in a given 
space. 

Air Currents.— 

As a given space can _ 

only contain a definite """ ' ^T^^M^z^bZ 

quantity of vapour at 
any given temperature, the importance of prompt removal 
becomes obvious, while a given volume ot air at the same 
temperature can only carry this same definite amount of 
vapour, hence the ui^ent necessity of further vohimea of air 
through the space. In other words, at a given tempera- 
ture the vaporisation and drying will be dependent on the 
rapidity of the removal of the vaiMiur by the air or otherwise. 
When air is the vehicle, this can readily l)e I'egulated by the 
velocity of the air current, hence the measurement of the 
currents becomes of gi'eat importance. 

The currents are measured by Attcmomdirn, of diflering 
types and forms according to the conditions under which 
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they are to be used. For measuring the velocities of winds 

in the open, the Sijbiitson ancmomdcr (Fig. S'-i) is universally 

adopted as the standard type. Tlie four hemispherical cups 

attached to the ends of equal hoiizontal anus turn freely 

ahout tlie vertical axis. Ity worm and wheel reduction gear 

the revolutions are shown on a dial, which indicat<^» the 

actual velocity for any definite time, as noted by watch, the 

inner scale indicating in 5 miles a\i to oOij miles, and the 

outer scale ys mile up to 5 miles, oi' if on metric system. 

tV km. to 10 km. The 

gear is contained in a 

east-iron box, and ha.s 

a strong glass front in a 

frame, ready to fix in any 

ojien space. 

For measuring air 
currents in rooms or 
ducts, the form of ane- 
mometer shown in Fig. 
■M is used, and is gene- 
rally called an air meter 
to distinguish it h-oai the 
IlohiiiBon's type. It is a 
portable instrument need- 
ing no fixing, which by 
means of the disc fan 
and inteinal worm gear- 
ing indicates the air 
velocity in feet. With 
six dials it will reeoi-d 
up to 10,000,000 feet. As it can be rea<lily set to zero each 
time, tlie velocity is easily obtained liy dividing the number 
of feet recorded, by the time unit, whether seconds or minutes. 
The disconnector allows of the action Ijeiiig thrown in and 
out of gear to ohtain accuiacy of time. Having obtained the 
velocity, of course the volume can he calculated by multi- 
plying hy the ai-ea of the duet or inlet wliere the air meter 
is placed. 

For example, if the air meter registers 100 ft. in one minute, 
and tlie inlet measures (i in.x3 in., then— 
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■\T 1 100 X 6 X 3 , ,, . . 

Voluraes=«= - , - — — - — cub. ft, per minute. 
12x12 ^ 

= 100 X J 



>> >» 



= 12J 

For measuring the velocity of the current in ducts, Birmns 
air meter (Fig. 52), which is described under ducts, is a con- 
venient form; while for inaccessible places and irregular spaces, 
the syphon draft gawje, shown in Fig. 48, works on the principle 
that a difterence of pressure causes a corresponding difference 
of velocity. 

Vapour. 

Vapour, whether of water or other substance, is the 
aeriform state which that substance assumes under the 
influence of heat energy, but it is sometimes restricted in its 
application to the gaseous form of those l)odie8 which usually 
exist as solids or liquids, and those l)odies which at normal 
temperatures and normal pressures are gaseous are called gases 
or permanent g6uses. As, however, all known gases have now 
been liquefied, vapours and gases are proved to be pliysically 
the same. Aqn-eou^ vapour is the only vapour of interest with 
regard to drying machinery, although the various siccatives are 
used for drying paints and varnishes, while enamelled and 
japanned goods are "stoved" to dry their respective coats. 
Steam is only another term applied to aqueous vapour produced 
under different conditions of pressure. While vaponsation of 
water goes on at all temperatures and pressures, forming aqueous 
vapour, ebullition or boiling, forming steam, only occurs when the 
elastic force of the water is equal to the pressure of the atmo- 
sphere in the vessel where it occurs. If this varies from the 
normal temperature of l)oiling point, 212*^ Fahr., it is because 
tlie pressure in the vessel has l)een increased or decreased from 
the normal pressure of 29*921 in. of mercury. When steam, 
however, is taken away from its water and superheated, it has 
different properties, becoming more in accord with the per- 
manent gases. 

Aqueous vapour has some striking and important properties 
different from air and the permanent gases, these properties, 
which are conspicuous in drying, being : — 

1. E.x'pansibility, — This is most prominent at the instant 
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of change from water to vapour, when, as tlie result of the 
latent heat, it suddenly increases its volume by al)Out 1,700 
times, thus tending enormously to remove the vapour from the 
solid material. After this increase, from change of state, in an 

unsaturated aqueous vajnjur there is a regular increase of -.^j) ^^^ 

every Fahrenheit degree, as with air and tlie permanent gases, 

but as specific heat of aqueous vapour is "480 the effect of every 

1 5 

B.Tli.U. of heat is an increase in volume of 77777 7oa = t-tt.-77 

490 X 480 1,17b- 

But so soon as the va}K)ur l)ecomes saturated, although the elastic 

force remains the same, no expansion can take place, hence 

the necessity of removing the vapour as rapidly as possible 

after formation. For, while unsaturated vapours act exactly as 

other gases according to the pressure and temperature, with 

saturated vapours temperature is all ix)werful and independent 

of the pressure. Saturated vapours cannot be compressed, as 

any pressure greater than their elastic force transforms them 

to the liquid state again. The increase of pressure under the 

influence of temperature, however, is most remarkable as will 

l)e seen l)y the tables : at ' Fahr. tlie clastic force is -044 in. of 

mercur}% at .*)2' Fahr. it becomes -181 in., i.e., a rise of ?)2^ 

causes four times the force ; at 52^ Fahr. it is '/^SS in., thus 

20" Fahr. more than doubles the force. On comi)aring this 

with the coefiicient of expansion for fixed gases, viz., j^r^, tlie 

difference is apparent (see also page 52). 

2. Weiffht is a noticeable property of vapour in respect to 
drying. It has been noted as to the attenuated state at low 
temperatures, for instance at 0' Fahr., the weight is only 
•000079 lb. m a cubic foot. An increase of temperature, 
however, increases its weight, or rather the weight w^hich a 
cul)ic foot can contain increases with every rise of temperature 
and that quite irrespective of the atmospheric pressure. Thus 
at 32' Fahr. a cul)ic foot can contain '000.^04 lb. or nearly 
four times the quantity at Fahr., at 212' Falir. a cubic foot 
can contain •0.'U)820 11). i.e., 120 times the w-eight for a rise 
180" Fahr. Whereas air at 212' Fahr. weighs -0807 --0591 = 
•021 G lb. less than at *^>2'' Fahr. In other words, while at in- 
creased temperatures less air and other gases can be contained 
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in an equal space at a constant pressure, witli saturated vapour 
the higher the temperature the more can be contained in the 
same space and that whether the pressure l)e more or less. 
Hence in dealing with drying problems it is essential to treat 
the saturated mixtures of air and vapour as two parts, having 
properties differently affected by similar changes of tempera- 
ture and pressure. 

The actual weight of moisture in saturated vapours is 
small even at high temperatures, and are much less than the 
weight of air at similar temperatures. Thus while at 0" Fahr. 
1 cub. ft. at normal atmospheric pressure of dry air weighs 
•0864 lb., vapour only weighs '00079 lb., but its elastic force 
is only '044 lb. ; but at 212° Fahr., dry air, which decreases in 
weight on increase of tem|>erature, still weighs •0591 lb. per 
cubic foot, whereas vapour, which increases in weight with 
every rise of temperature and at 212° Fahr. has an elastic force 
of 29*921 lb. the equivalent to air, still only weighs '03682 lb., 
about two-thirds of the air weight. 

The increased weiglit which can be contained in a cubic foot 
of space varies as sliown in Table VI. according to the tempera- 
ture whether the space contains air or not. Table VII. below 
deals with this varied capacity in relation to the air in the 
space. Taking the weight of vapour possible in 1 cub. ft. of 
air at 52° Fahr., it shows the weights which the same weight 
of air will contain at different relative humidity for the same 
temperature. Also this table shows the increased weights the 
initial cubic foot of air would contain if raised in temperature 
and moistened to varying percentages of humidity. Taking the 
extremes of the table, then it is shown : — 

(a.) 1 cub. ft. of air at 52° Fahr. contains -00006 lb. of vapour 
when 10 per cent, saturated. 

(i.) If this initial cubic foot of air remain at the same tem- 
perature (52° Fahr.), but becomes 100 per cent, saturated, it then 
contains -00064 lb. of vapour. 

It will be noted that this weight, '00064 lb., is more 
than shown in Table VI. for 1 cub. ft. of air at 52 per 
cent. Fahr. ('000622 lb.). The increase arises from the 
fact that the original cubic foot has increased in vohmie 
by the addition of the vapour. 
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(c.) If this initial cubic foot of air at 52' Falir. be raised 
to 182*" Fahr. and saturated with vapour to 100 per cent., it 
will contain -0553 lb. of vapour. That is, a rise in temperature 
of from 52'" to 182° Fahr. has made a difference in vapour 
weight from 'OOOG-l: lb. to '0553 lb., over eighty-six times as 
much, or in other words, the capacity of a given weight of air 
at 52° Fahr. to carry vapour is increased above eighty-six times 
if that same weight be raised to 182'^ Fahr. and allowed to 
freely expand. 

The question of free expansion is of considerable importance, 
as by Table VI. it will be seen that the capacity of 1 cub. ft. of 
air at 182° Fahr. is only 020536 lb. as compared with the 
above 0553 lb. 

3. Pressure, — Practically outside pressures have no influence 
as to the quantity of vapour which can be contained in a given 
space, as the molecules of vapour commingle with the atmo- 
spheric molecules in such a manner that the effect is the same 
as if it were a vacuum. The same density of vapour is obtained 
at a given temperature whether the atmosphere is absent or 
present under high or low pressures. So the same space can 
contain the same weight of vapour regardless of the weight of 
the air in the same space. It is found, however, that the 
evaporation does not go on so rapidly under the high pressure, 
as the heat has more external work to perform in lifting this 
extra weight. It is also found that tlie air is not similarly 
insensible to the presence of the vapour, for as the vapour 
increases in force and density the air in the same space is 
decreased. Thus a cubic foot at 29*921 in. pressure at 0° Fahr. 
of dry air weighs '0864 lb., and vapour weighs '000079 lb., 
but in a saturated mixture of tlie air and vapour a cubic 
foot at the same temperature and pressure weighs '086379 lb., 
made up of the vapour '000020 lb. as before, but the air in 
the cubic foot is only '0863 lb., having had '0001 lb. displaced. 
This feature is the more noticeable at higlier temperatures, thus 
at 32° Fahr. and 29'921 in. pressure dry air weighs '0807 lb. 
per cubic foot. But a saturated mixture of air and vapour 
at the same temperature and pressure weighs '080504 lb., of 
which '000304 lb. is vapour, hence there is only '0805 lb. of air 
left, which shows a displacement of -0002 lb. per cubic foot. 
This displacement increases till, at 212"^ Fahr. and under 
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normal atmospheric pressure, the air is practically all displaced 
by the pressure of the vapour. Table VIII. gives a ready means 
of realising the capacity of vapour absorption of air at various 
temperatures, and is often useful for rough calculations, but it 
must be remembered that the pressure must be normal (29*921 
in. of mercury). In all detailed calculations Tables VI. and 
XXII. will be found more convenient and more accurate. 



Table VIII. — Vapour Weights in Grains 

Which air is capable of absorl)ing to the point of maximum 
saturation, per cubic foot, for various temperatures at ordinary 
atmospheric pressure (29921 in. of mercury). 



Degrees 


Grains in a 


Degrees 


Grains in a 


Degrees 


Grains in a 


Fahrenheit. 


Cubic Foot. 


, Fahrenheit. 


Cubic Foot. 


Fahrenheit. 


Cubic Foot. 


10 


11 


i 

'; 60 


5-82 


115 


30-0 


15 


1-31 


65 


6-81 


130 


42-6 


20 


1-56 


70 


7-94 


141 


580 


25 


1-85 


75 


9-24 


157 


85-0 


30 


219 


80 


10-73 


; 170 


112-5 


32 


2-35 


85 


12-43 


' 179 


1380 


35 


2-59 


90 


14-38 


188 


166-0 


40 


3-06 


95 


16-60 


195 


1940 


45 


3-61 


100 


19-12 


212 


2660 


50 


4*^4 


105 


22*0 


... 


• • • 


55 


4-97 


110 


25-5 


... 


• • • 



Vapour Indications and Measurements. — As explained 
in Chapter I., the quantity of vapour in the air is measured by 
hygrometers, of which the wet and dry bulb type is the most 
usual, and can be readily made on the spot by means of two 
ordinary thermometers, one thermometer (dry) recording, as 
usual, the temperature, and the other can be kept wet by means 
of a piece of ordinary linen and a glass of water. By noting 
the two temperature records, the degree of humidity can be 
readily found by Table IX. For instance : — 

If the dry bulb records 42'' Fahr., and the wet bulb records 
32' ( = 42-10") Fahr., then reading under the 10° difference 
on the 42"* line, it is seen that the air is 40 per cent, saturated, 
or contains 40 parts out of each 100 it is capable of absorbing 
at 42° Fahr. 
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Aleaiia i>f indicating variations 
of hmindity in tlie air, whicli 
(III not alluw of measuring tlie 
degree of these variations, ai* 
usually called fii/f/rosivpai, buIj- 
stances to readily atworh moisture 
from the air are said to he 
liyi/roscojiic. The hi/i/roikik and 
puf/fi/iniiiiH'T have been explained 
and ilhistrated in Chapter I., 
as ap]ilicd to their several pur- 
poses. 

In Lambrecht's Polymeter are 
conihined the means of taking 
many measurements in relation 
to ^ajioiir and air. As ilhis- 
trated in Fig. o;'), it consists 
of a thermometer and a hair- 
hygrometer, each provided with 
two scales. The thennonieter 
has on the left-hand side the 
usual Fahrenheit scale of tem- 
perature, from which can l)e read 
the temjkeratnre of the air. On 
the riglit hand of the thermo- 
meter is a scal« of the elastic 
foi-ee of vapour in millimetres 
of merenrj'. The lower scale on 
the hygrometer dial shows the 
no 35— iamhekckt's V p h'r percentage of moisture in the 
roLVMKTKR. atmoBphere, while from its upjier 

(Segraiu * Zimbn.) scalc the dcw point can lie de- 

tennineil, and the actnal weight 
of moisture contained in a ciihic metre. 
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Sturtevant Heater— Sections and Plant — Robinson Heater— Tubular Flue 
Heater ........ 82-91 

Furruxcea, — General — Sirocco Air Heater — Shew's Patent Economic Fur- 
nace -.-..... 92-94 

Flute and Ducts, — Nature— Use— Difference— Construction —Syphon -Pressure 
Draft Gauge — Equalisation of Pipe Diameters- Examples — Air Ducts and 
Heater — Twin Drying Rooms— Air Distributor— Biram's Air Meter for 
Ducts — Louvred Ducts— Victoria Grain Dryer - - 94-100 

Heat Losses, — How and Where they Arise — Coefficient of Transmission 
Losses and Table — Warming the Materials — Superheated Vapour — 
Total Heat ....... 100-102 

Insulation, — Non-Conductors — Construction of Insulated Walls — Insulating 
Values 103-105 

Dangers. — Character and Causes — Nature of the Material to be Dried — Time 
Problem — Wet and Dry— Amount of Moisture— Local Application — 
Equalising the Distribution — Surface Evaporation - - 105-107 

As the evaporation of moisture depends on the temperature, 
it is apparent that the more direct the application of the heat, 
and the more intense that heat, the more rapid and economical 
will be the evaporation. For all practical purposes artificial heat 
is obtained by combustion of coal, peat, wood, oil, and spirit. 
One pound of the carbon in these or any otlier fuel will during 
combustion produce 14,500 B.Th.U., however fast or slow the 
combustion may occur. Tlie more rapid tlie combustion, the 
more intense the temperature produced and the density and 

elastic force of the vapour produced. Hence it would appear 
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that etticiency in drying could be readily obtained by the rapid 
coniljustion of a small aniount of fuel, especially as the vapour 
capacity increases more rapidly than the temperature. 

The factor which governs the heat to 1k3 applied is, however, 
one which must be very carefully considered in every case, that 
is the nature of the material itself as regards heat. While it 
invariably requires a certain quantity of heat units to vaix)rise 
a given weight of water at any particular temperature, w^hat- 
ever material it may be associated with, and whatever may be 
the mode of association. At the same time, the heat cannot 
be put into the water without bringing the material to the 
same temperature, and to bring the material to the same 
temperature will require more or less heat according to the 
specific heat of that particular material. Hence the sum of 
the h6at rec^uired by the water and that required by the 
material may be so relatively great that if applied in a short 
time or an intense form it may, and most probably would, cause 
changes in the material other than mere drying, and these 
changes may be detrimental. 

Further, different materials are found to al)sorb heat at 
different speeds owing to variations in their conductivity, and 
thus the heat if supplied too rapidly might do damage to the 
exposed surfaces l)efore it could permeate the inner portions 
of the mass. Some substances would sublime at the surface 
before the bulk was evenly heated, while others would char or 
crack. So that in every ease of drying this question of the 
idiosyncrasies of material is of primary importance in deciding 
the method of applying the heat. 

A point which also needs watching is the action when the 
material is thoroughly warmed, and the drying near completion. 
While the material was wet, the water and material greedily 
absorbed heat, thus they could receive intense heat readily 
and without injury. But the same intensity may be quite 
unal)sorbable when the material is warmed and the water 
vaporised. For instance, if a wet cloth is held in front of 
a bright lire there is profuse evaporation and no injury, but 
so soou tis even one portion gets dry, the part soon cliars with 
only the same intensity of heat. This fact regulates the 
temperature at which the heat can be applied, and makes the 
more prominent the necessity for having some means of pre- 
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venting any sudden rise of temperature in the dryer from this 
cause. Here air, owing to its bad conductivity, may be reliably 
used as the medium for safety. 

Sources of Heat. 

Solar Heat. — The heat of the sun is, of course, the cheapest 
means of drying, but is so unreliable in quantity and continuity 
that the risks attending its use are great. The liability of 
showers occumng to undo the results has also to be considered, 
so that as a direct means solar heat takes a minor place in most 
commercial drying except for agricultural purposes. 

But indirectly the sun s heat by warming the atmosphere 
and causing the air currents is largely used both on floors, 
gantries, pans, and sheds. The drying thus performed is com- 
paratively slow under ordinaiy circumstances especially in our 
climate, but it is of a nature which ensures that all " air-dried " 
goods universally have the preference over artificially dried 
ones. This would lead to the scientific following of Nature's 
processes in artificial drying, and it will generally be found that 
the nearer Nature's process' is copied the better the product. 
In fact there appears every reason that artificial drying should 
merely be a carefully regulated and accelerated copy of "air 
drying." 

Direct Firing. — The system of direct firing, that is, of the 
furnace being part of the dryer, as kilns and stoves, or in close 
contact, as with floors, pans, cylinders, enables great economies 
to be made in fuel combustion for the heat actually put into 
the dryer. But this heat being intense may be injurious to the 
material and so limits the uses of such drvers to the less heat- 
sensitive substances. And unless the hot gases are retained in 
the dryers ample time they may pass through and away while 
still retaining considerable vaporising or drying capacity. For 
while the hotter the gases leave the dryer the more vapour 
they can carry, and hence if they are carrying their adeciuate 
burden of vapour the more economical their use. At the same 
time, if they pass away inadequately vapour laden then by that 
amount they become uneconomical. Many of the older cylinder 
dryers, copied from the roaster and calcinei-s, are extremely 
wasteful, while some of the newer designs really revert from 
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the iliivct firing into a heater with a chamliei- in place of tlie 
radiators, and tinis secure the advanh^jcs of ilirect liriiig jjIus 
the adaptability and control attached to heaters. 

Whei"e direct firing is used for heat by eondiictioii from 
heluw, as in drying tiuor& and pans with flues extending beneath, 
the great differences of temperature at tlie various portions, 
according to ttie distance from the furnace, lead to considerable 
variations of result or inei'eased labour. At the same time, the 
heat is very rapidly dissipated in all directions without 
adequately perfonning its fniictions of vaporising. Where the 
drying floor is enclosed, the air next the floor on beeouiiiig 



FKI. ;tli. — LAllOKATUKV SAND BATH. 
(tltCober, KiuMll, « Co , Ltd.) 

heated promptly i'is(« to tlie toji of the room without coming 
in tidl contact with tlie materials to be dried, and tends to 
escape with only a slight burden of vapour. 

The question of nniltimituitioti hy the products of combu4ion 
must necessarily be aiusidered where they arc allowed to enter 
the dryer, although with coke and liquid fuel they may not be 
80 oliject ion able as with coal. The materials which will stand 
the heat of dii^eet firing are not, as a rule, injured by the 
products of combustion if the combjistion is complete, but it 
may decide the tyjie of dryer in jNirticular cases. In laboratories 
considerable use is made of the direct firing with conduction 
and radiant heat in sand baths of various designs. The 
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quantities being small the losses are not worth consideration, 
while the sand Itfith tends to equalise the distriljution of the 
heat. The Ijahmdory Sund Bath (Fig. 86) is gas fired Ix^neath 
the bath. The temperature can .be regulated by the three 
burners, while the fumes, if objectionable, can l)e localised, 
and as the back is open they can be led to a tiue. The 
removable glass sides allow of full view of the material during 
the process. 

Hot Blast. — A hot blast dryer generally only differs from 
a direct fired one in that the fire is a little further away, or the 
fire is used primarily for some other purpose, such as a retort, 
cupola, blast furnace, or kiln, and the surplus delivered to the 
diyer. Hence it generally has the same advantages and dis- 
advantages, besides requiring even more control, as it may be 
delivered under considerable pressure as well as intensity of 
heat. In some such, radiators of the cast-iron studded tubular 
type (Fig. 38) are advantageously used to ensure a clean current 
more under control than the direct hot blast. 

Warm Blast. — Warm blast produced by heaters and fans 
or propellei*8 gives all the advantages of control in heat, speed, 
and fluidity necessary to produce an artificial atmosphere with 
accelerated capacity for vaporisation and drying. Hence it is 
with warm l)last apparatus that the bulk of dryers are w^orked. 

Hot \Yater. — Owing to the low heat capacity of water 
compared with its temperature, it is not used much in drying 
machinery, and only has to be considered in connection with 
the condensation of the steam. 

Steam. — Steam being light in weight, easy to transmit and 
to regulate in quantity and temperature, is the main medium for 
localising the heat. The latent heat given off on condensation 
is of the utmost utility in drying as it is in heating generally. 
The rapidity with which it imparts its heat adds greatly to its 
advantage. The fact that the exhaust steam from an engine 
carries a large percentage of its heat, makes it that in many 
works by using the exhaust, drying can be done without any 
fuel cost. This heat would otherwise simply go to waste. The 
tables of steam properties show the vast importance of the 
latent heat in relation to vaporising and drying. 
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Table X. — Properties of Saturated Steam. 





Tempera- 
ture in 
Degrees 
Fahrenheit. 


Total 
Hfat in 
RTh.U. 

from 
Water at 


Heat in 

Liquid 

from 

32" in 

B.Th.U. 


Heat of 

Vaporisa* 

tion, or 

Latent 

Heat 

■ 

in 


Density 

or Wei^t 

of Cub. Ft. 

in Lb. 


Volume 
ofllb. in 
Cub. Ft. 


Factor 
of Equi- 
valent 
Evapora- 
tion at 


Total 
Pres- 
sure 
aboxe 
Vac- 


M 




Vk . 




B Th.U. 






212V 


uum. 


1 


101-99 


11131 


70-0 


1043*0 


0-00299 


334-5 


•9661 


1 


2 


126-27 


1120*5 


94-4 


10261 


0-00576 


173-6 


•9738 


2 


3 


141-62 


11251 


109*8 


1015-3 


0-00844 


118-5 


•9786 


3 


4 


153*09 


1128-6 


121*4 


1007*2 


0-01107 


90-33 


•9822 


4 


5 


162-34 


1131*6 


130*7 


1000*8 


0*01366 


73-21 


•9852 


5 


6 


170*14 


1133*8 


138*6 


996-2 


0*01622 


61-65 


*9876 


6 


i 


176*90 


1135-9 


145-4 


990-5 


0*01874 


53-39 


9897 


7 


8 


182*92 


1137*7 


151*5 


986-2 


0*02125 


47-06 


•9916 


8 


9 


188-33 


1139-4 


156-9 


982-5 


0*02374 


42-12 


9934 


9 


10 


193-25 


1140*9 


161*9 


979-0 


0*02621 


38-15 


•9949 


10 


15 


21303 


1146*9 


181*8 


965*1 


0*03826 


26*14 


1-0003 


16 


20 


227*95 


1151*5 


196*9 


954*6 


0*05023 


19-91 


10051 


20 


25 


24004 


1155-1 


2091 


9460 


0t)6199 


16-13 


1-0099 


25 


30 


250-27 


1158*3 


219-4 


938*9 


0*07360 


13-59 


1-0129 


30 


35 


25919 


1 161 


228-4 


932*6 


0-08508 


11*75 


1-0157 


35 


40 


267 13 


1163-4 


236-4 


927*0 


0-09644 


10*37 


1-0182 


40 


45 


274-29 


1165-6 


243*6 


9220 


01077 


9-285 


1-0205 


45 


50 


280*85 


1167*6 


250*2 


917-4 


0-1188 


8-418 


1-0226 


60 


55 


286-89 


1169*4 


256*3 


9131 


0-1299 


7-698 


1-0246 


56 


60 


292-51 


1171*2 


261*9 


909*3 


0-1409 


7-097 


1-0263 


60 


66 


297*77 


1172*7 


267-2 


905-5 


01519 


6*5^3 


1-0280 


65 


70 


302*71 


1174*3 


272-2 


9021 


01628 


6143 


1 -0295 


70 


75 


307-38 


1175-7 


276*9 


898*8 


0-1736 


5-760 


1-0309 


75 


80 


31 1 -80 


1177-0 


281-4 


895*6 


01843 


5-426 


1-0323 


80 


85 


316*02 


1178*3 


285-8 


892-5 


0*1951 


5*126 


1*0337 


85 


90 


320-04 


1 179*6 


290-0 


889*6 


0-2058 


4*859 


1*0350 


90 


95 


323-89 


1180-7 


294*0 


886-7 


0-2165 


4-619 


1*0362 


96 


100 


327*58 


1181-9 


297*9 


884*0 


0-2271 


4-403 


1*0374 


100 


105 


331*13 


1182*9 


301 *e 


881*3 


0-2378 


4*206 


10385 


105 


110 


334-66 


11840 


305*2 


878-8 


0*2484 


4*026 


1-0396 


110 


115 


337-86 


1185*0 


308-7 


876-3 


0*2569 


3*862 


1-0406 


115 


120 


341*05 


1186*0 


312*0 


874-0 


0*2695 


3*711 


1-04] 6 


120 


125 


344*13 


1186*9 


315-2 


871-7 


0*2800 


3*571 


1-0426 


125 


130 


347*12 


1187*8 


318-4 


869-4 


0-2904 


3-444 


1 -0435 


130 


140 


352*85 


1189*6 


324*4 


865*1 


0*3113 


3-212 


1*0453 


140 


150 


358-26 


1191*2 


3300 


861-2 


0*3321 


3-011 


1*0470 


150 


160 


363*40 


1192-8 


335-4 


857*4 


0*35:^ 


2-833 


1*0486 


160 


170 


368-29 


1194-3 


340-5 


853*8 


0*3737 


2-676 


1-0502 


170 


180 


372-97 


1195-7 


345-4 


850-3 


0*3945 


2-535 


1-0517 


180 


190 


377*44 


11971 


3501 


847 


0-4153 


2-408 


1-0531 


190 


200 


381*73 


1198-4 


354-6 


843-8 


0-4359 


2-294 


1 -0645 


200 


225 


391-79 


1201-4 


365 1 


836-3 


0-4876 


2-051 


1-0576 


225 


250 


400*99 


1204-2 


374-7 


829*5 


0-5393 


1 -854 


1-0605 


250 


275 


409*50 


1206-8 


383-6 


823-2 


0-5913 


1-691 


1 -0632 


275 


300 


417-42 


1209-3 


391 -9 


817-4 


0-644 


1 -553 


10667 


300 


325 


424-82 


1211-5 


399-6 


811*9 


0-696 


1 -437 


1-0680 


325 


350 


431 -90 


1213-7 


406-9 


806-8 


0-748 


1 -337 


1 -0703 


350 


376 


438-40 


1216-7 


414-2 


801*5 


0-800 


1 -250 


1-0724 


375 


400 


44515 


1217-7 


421*4 


796-3 


0-853 


1-172 


1-0745 


400 


500 


466*57 


1224-2 


444-3 


779-9 


1-065 


•939 


1-0812 


500 



— steam. 
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Electric Heat. — Electric heat is occasionally used for dry- 
ing small articles by enclosing an incandescent burner in a small 
oven, with shelves for the article and pipe for the vapour. A 
more special method is one patented by Edison for drying 
metallic ribbon strips during process of manufacture. The 
method here adopted is by passing through the actual strip to 
be dried a current of electricity sufficiently powerful to vaporise 
the water or moisture upon it. By graduation of the current 
this offers a very elegant and convenient method of applying 
exactly the requisite heat, quite locally and for the necessary 
time only. This method can be applied in any position rela- 
tively to the machine, and at any stage of the manipulation. 

Table XI. — Temperature and Pressure of Steam for 

EACH Half Inch of Vacuum. 



Inches 

of 

Vacuum. 





i 

1 

n 

2 

2* 

3 

H 

4 

4* 

5 

5i 

6 

6i 

7 

7i 

8 

9 

9i 
10 

lOi 

11 

Hi 

12 

12j 

13 

13i 

14 

14i 



Temperature, 

Degrees 

Fahrenheit. 



21200 
21115 
210-29 
209-42 
20R-54 
207-04 
206-73 
205*80 
204-86 
203-91 
202-94 
201 -95 
200-95 
199-93 
198-89 
197-83 
196-75 
195-65 
194-53 
193-39 
192-23 
19103 
189-81 
188-57 
187-30 
186-00 
184-66 
183-29 
181-88 
180-44 



Absolute 


Inches 


Pressure, 


of 


Lb. per Sq. In. 


Vacuum. 


14-697 


15 


14-451 


15i 


14-206 


16 


13-960 


16i 


13-715 


17 


13-469 


17i 


13-223 


18 


12-978 


18i 


12-732 


19 


12-487 


19i 


12-241 


20 


11-995 


20h 


11-750 


21** 


11-504 


2li 


11-259 


22 


11-013 


22^ 


10-767 


23 


10-522 


23j 


10-276 


24 


10*031 


24i 


9*785 


25 


9-539 


25i 


9-294 


26 


9*048 


26i 


8*803 


27 


8*567 


27i 


8*311 


28 


8*066 


28i 


7*820 


29 


• 7*575 


29i 



Temperature, 

Degrees 

Fahrenheit. 



178*96 
177*44 
175*87 
174*26 
172*59 
1 70*86 
169*07 
167-23 
165-31 
163-32 
161-25 
159*09 
156-83 
154-46 
151-97 
149-34 
146-55 
143-59 
140-42 
13701 
133-32 
129*31 
124*89 
119*94 
114*34 
107*84 
100*05 
90*24 
76*80 
54*21 



Absolute 

Pressure, 

Lb. per Sq. In. 



7*329 
7*084 
6*838 
6*592 
6*347 
6*101 
5*856 
5*610 
5 -.364 
5*119 
4*873 
4*628 
4*382 
4136 
3*891 
3*755 
3*410 
3*164 
2*918 
2*673 
2*427 
2*172 
1-526 
1*680 
1*435 
1*189 
0*944 
0*698 
0-453 
0-207 
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Heaters. 

Heat Transmission. — ^As previously stated, heat is dis- 
tributed by radiation, conduction, and convection. Most 
practical means of utilising heat, liowever, utilise two or more 
of these in combined operation. For instance, take an ordinary 
boiler. The combustion of the fuel of whatever kind in the 
furnace generates a certain quantity of heat energy; some of 
this at once by radiation heats the air, the unconsumed fuel, 
and the material of the boiler. The air carries its heat away 
and warms by convection the tubes of the boiler, the flues, 
and the outside atmosphere al>ove the chimney. The heated 
materials of the l)oiler being of metal conduct their heat 
through their own substance, and warm the water and the sur- 
roundings by conduction. This heated water delivers its heat 
to the steam by convection through its own particles. The 
steam leaving the boiler carries its heat and warms the pipes, 
valves, and the vessels to which it is passed by convection. If 
this vessel Ije of metal the heat is conducted through its own 
substance and warms the surroundings, if good conductors, by 
conduction, if the atmosphere, by radiation. Hence a metallic 
vessel which receives steam, water, or hot gases, primarily to 
heat the surrounding air, acts as a radiator of heat, and may 
l>e so called. But radiators built up into nests and having air 
drawn or forced between the different sections by propeller or 
fans, are called heaters, and are usually encased to ensure the 
actual contact of the heat with the radiating surfaces. 

Heater Capacities. — The amount of heat which these 
heaters can emit to the air passing through them, depends on 
(1) the difference in temperature between the air and the hot 
surface ; (2) the amount of the exposed surface ; (,*^) the velocity 
of the air current; (4) the material of the heater pipes; and 
(5) the diameter of the heater pipes. 

The greater the difference of temperatiu*e between the air 
and the hot surface, the higher the efficiency of the heater. 
When the cold air supply is lower the efficiency of the same 
temj)erature in the heater is higher, and hence helps up the 
deficiency and tends to ecpialise the resultant air. 

As the heat has to be emitted from the surface, naturally 
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Table XIL— Heat TiiAxsMrssioK of Hot -Water Pipes, 

Heated Body of C'ast Iron. 

Units of heat, emitted or absorbed, per square foot per hour. 



Mean 

Temperature 

of 

Heated 

Body, Pipe, 


Temperature 

of 

Air and 

Wall*. 


Units ok Heat 


I'BK Square 


Foot per Hour. 


By Contact. 


By, 
Radiation. 


By Radiation and Contact 
Combined. 










&c. 


70 


Air Quiet. 


Air Moving. 


0-00 


Air Quiet. 


Air Moving. 


70 


0-00 


0-00 


0-00 


0-00 


80 


70 


5-04 


8-40 


7-43 


12-47 


15-83 


90 


70 


11-84 


19*73 


15-31 


2716 


35-04 


100 


70 


19-53 


32-55 


23-47 


43-00 


56-02 


110 


70 


27-86 ' 


46-43 


31-93 


59-79 


78-36 


120 


70 


36-66 


61-10 


40-82 


77-48 


101-92 


130 


70 


45-90 


76-50 


50 00 


95-90 


126-50 


140 


70 


55-51 


92-52 


59-63 


115-14 


152-15 


150 


70 


65-45 


109-18 


69-69 


135-14 


1 78-87 


160 


70 


75-68 


126-13 


8019 


155-87 


206-32 


170 


70 


86-18 


143-30 


91-12 


177-30 


234-42 


180 


70 


96-93 


161-55 


102-50 


199-43 


26405 


UK) 


70 


107-90 


179-83 


114-45 


222-35 


294-28 


200 


70 


11913 


198-55 


127-00 


246-13 


325-55 


210 


70 


13J-49 


217-48 


139-96 


270-49 


357-48 
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Table XIII.— Heat Transmission of Steam Pipes, 
Heated Body of Cast Iron. 

Units of heat, emitted or absorbed, per square foot per hour. 



Mean 

Temperature 

of 

Heated 

Body, Pipe, 

&c 


Temperature 

of 

Air and 

Walls. 

70 


Units of Hkat 


]'EK Square 


Foot i'kk Hour. 


By Contact. 


By 

Radiation. 


By Radiation and Contact 
Combined. 


Air Quiet. 


Air Moving. 


Air Quiet. 


Air Moving. 


210 


13049 


217-48 


139-96 


270-49 


357-48 


220 


70 


142-20 


237-00 


155-27 


297-47 


392-27 


230 


70 


1 53-95 


256-58 


169-56 


323-51 


426-14 


240 


70 


165-9 1 


279-83 


184-58 


350-48 


464-41 


250 


70 


178-00 


296-66 


200-18 


378-18 


496-84 


, 260 


70 


189-90 


316-50 


214-36 


404-26 


5:jo-86 


270 


70 


202-70 


337-83 


233-42 


436-12 


571-25 


280 


70 


215-30 


358-85 


251-21 


466-51 


610-06 


290 


70 


228-55 


380-91 


267-73 


496-28 


648-64 


300 


70 


240-85 


401-41 


27912 


519-97 


680-53 



-F. Schumann. 
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the amount will increase as does the amount of surface in 
contact. 

Tlie greater the velocity of the air against the surface the 
more heat it absorbs from the heater, but as the increased 
velocity decreases the efficiency of the fan and increases the 
power required to work tlie fan it is found from practice 
that 20 ft. per minute is the greatest economical speed. This 
speed may also be taken as the maximum inside the dryer. 

Tables XII. and XIII. show the distribution of the heat 
and the resultant emission and absorption under different mean 
temperatures when still and moving. 

For general purposes in calculating the radiation emission, 
it may be taken that it varies from r4 to 1'8 B.Th.U. per square 
foot of available surface per hour for each degree of difference 
l)etween the incoming air and of the steam or water in the 
radiator or heater ; for instance, with air at GO^^ Fahr. and steam 
in the radiator at 220', every square foot of surface would emit 
per hour- 
Cast-iron direct radiators - - - 256 B.Th.U. 
Wrought-iron pipe (2 to 4 in.) - - 300 „ 
„ „ (1 to 2 in.) - . 350 „ 

Radiation Power. — The radiation power of the sections of 
these heaters is also dependent on the material of which tliey 
are constructed. It has been found by actual experiment that 
the number of units of heat emitted per hour per 1" Fahr. 
difference of temperature vary as follows : — 

Copper - 00327 

Sheet iron 0*092 

Cast iron (new) - . - . 0*648 

(rusted) - - - - 0*6868 

Tin 00439 

Glass 0-5948 

Diameters. — The sizr of the pipes, of course, affects the 
amount of surface per foot run, but it is found that tlie efficiency 
per square foot is greater in the smaller })ipes. The following 
figures, although representing the actual B.Th.U. emitted under 
the specific conditicm of tlie air being at 60" Fahr. and the 



« 



steam supply at 212^ Fahr., also give a comparative guide for 
the respective size pipes : — 

2-in. pipe ■ - - - 327 B.Th.U. 

3 „ - ... 303 „ 

4 „ ■ - - - 291 „ 
6 „ - - . - 279 „ 

Tims the smaller pipes show a considerably higher superficial 
area efficiency. 



1(1. 37.— RIBBED TDBB HEATBK. 
(NutiODkl lUdiittorCo.. Ltd.) 



The sections of heaters are iii all types designed to oVitaiu 
the greatest possible surface. Fig. 37 shows a series of round 
(vies each having a nuinlier of parallel exterior ribs which, 
while avoiding the faults of tlie old-fashioned gilled pipes, greatly 
increase the convection. Fig. .'18 gives a sectional perspective 
view of tiat tnl>es which have i)rominent liollow tiosses on each 
side to allow of hot air being used. Each of tliese is made of 



86 DIIYIKG MACHI.VEIIY AND PRACTICE 

cast iron, and the sections can readily lie assenililed in large 
or siitall numbers according to tlie retiuiremeuts, in the manner 
shown by Fig. 39. 

The combined sections can then be built np into nests in 
such a manner as to ensure all air jtaasing over the surface ot 
each nest on the hit and miss plan. 

Quite a different tyi)e of heater is the Simjravc-Iifvin/fioii in 
which the surface is obtained through the inner surface of a 
number of small liore tultes. As shown in P'ig. 40 these small 



rid. 39— ASSKMBM.-Jd VESTO HEATERS. 
(HitloBkl BwllatM Co., Ltd ) 

bore tubes are exiian<led into the top and Uittoni wrought-ii-on 
plates of the heater body. Surrounding eiieli of tliese small air 
tulies is a lai^jer concentric steam tube, and these are expanded 
into the wrought plates of steam boxes shown at the top and 
iHJttoni. These steam Iwxes have cast-iron frames and wrought 
top and liottom jilates for connoting the tulK>s. It will thus 
lie seen that when the heat«r is encased by sti>el covering air 
can I)e drawn through the small iHire inner tuU^s and also 
between the laiger outer tulK^s. thus obtaining the inner and outer 
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surfaces of eacli aiiiiiilar ateam unit. As illustrated it is 
specially designed for economical iiae of exhaust or live steam, 
and a modified form is suitable for direct fire heat when high 
temperatures are needed, 

A compact complete heating plant for diyiiig or ventilating 
purposes is the Sturtevant Heater- shown in Fig. 41. Here is 



shown (1) a heater of their sectional base type with five 
sections fidly cased in and connected up to (2) their steel plate 
exhaust fan with bottom horizontal discharge, and direct driven 
by (3) their vertical high speed enclosed engine ; also (4) tlie 
pipes, valves, and connections to tlie automatic pump and 
receiver. The essential characteristic of the sectional base 
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heater is the combining in (iiie base casting of the aiijiply and 

return passages for the ateaui, and the iiae of wraught-imn tubes 

to connect the two divisions of the stuimi jtassages. As to the 

arrangement of the 

relative position of 

the heater and fan, 

it will l)e noticed 

that the air is 

drawn through the 

heater. The heated 

air is, of course, a 

lai^er \ohinie to 

handle, and requires 

more power for the 

fan, but it thus in- 
creases the piiiSBure 

under which tlie 

heated air is ap- 
plied to the room 

or material wliicli 

is the characteristic 

feature of the 

plenum process. 

This, of course, enani-es more intimate contact and etticicnt 

warming of tlie i-ooni and material. 

Fig. 42 shows in ele\-atioii and part section the construction 
of sectional base 
elements. The 
steam inlet and 
the condensed 
water outlet, to 
drain through 
steam trap, being 
in tlie one liase 
casting for each 
clement, wliile the 
steel steam pipes, 

lieing each connected into lioth divisions of the base, ensure 

a complete circnit for each jiortiou of stt-ani. and oljtain the 

niaxiiuiim amount of radiating surface. Fig. 4^ shows the 
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method of assemhling these base sections when of the flanged 
type for working in battery, and Fig. 44 showa tlie method 
where each section is treated as an independent unit with 
separate steam and drain eonuections. Iii each case botli enils 
of tlie sections rest on angle irons which allow the base to 
expand and contract i-eadily, while the vertical and horizontal 
arrangement of the pipes prevents the evils of \moqiiaI expan- 
sion on tlie juiute. The corrugated form of the base lends itself 
to rigid assembling and economy of space. 

In Fig, 45 2iol/insoii.'s Tvhular Heater is illustrated Ijy a 
plan and elevation in situ. As 
will be seen in the plan, the 
steam passes through a number 
of small bore pipes, wliich are 
enclosed in a casing of steel plate. 
The air is blown !iy a fan into 
this drum or casing, and is 
warmed by its contact with the 
hot pipes. This occurs in many 
tuljular heaters of vaiying de- 
signs, but the distinguishing 
feature of Robinson's Heater is 
tliat tlie air is trained rotuid and 
round the casing by means of 
a spiral plate. Thus the air is 
iiKATEK. brought into repeated contact 
1^ with the pipes instead of passing 

<stark»ntBD|ii.«rinKC<>., Ltd.) straight through as is usual. The 
elficiency is obviously much in- 
creased while the facility of using exhaust steam is considerably 
improveil. The elevation, partly cut away, shows such a lieater 
applied to drying clothes in twin rooms with open Hooring and 
overhead outlet. 

A Tuhi'Uir Fli'i; Air Hmtir has been designed to utilise tlie 
heat in flues which would otherwise pass away up the chimney. 
It consists of a number of small l>orc tubes placed over the main 
Hue, and encjiseil with a steel shell, through which a current of 
air may be drawn oi' blown, as with similar tuljular heaters 
using steam. The smoke boxes at ejich eud tend to prevent 
siHit accumulations in the tubes, and all can \k readilv eleaned. 
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The heater is well suited to take advantage of the hot waste 
gases wheu these do not pass throiigli an ecoijouiiser for 
warming the supply water of the lioiler, or to be placed 
between the ecoiioniiaei-a and the chimney. 




For drying, practically every type of furnace may he, and in 
one place or another is, iificd. The tyjiea of construction for 
various fuels and purposes arc too great to be dealt with in a 
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work on drying, esiiccially as acarccly any are particularly 
dusigiied with a piiiiiary view to drying. 

The Siroitv Midtilubular Air Heater (Fig. 40) is, however, a 
design siwcial to drying machinery. The heater consists of a 



central funiace, fnini the Iwick of wtiich the products of eom- 
hiistion pass into the two upper smoke chamhers at the right 
and left hand side of the fnrnace. Fnim here they pass through 
the up[)er rows of tnl>es, arranged horizontally on each side of 
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the furnace to the front smoke chambers. The gases tlieii 
descend and pass through the lower row of tubes into the lower 
back smoke chambers which communicate with the base of the 
chimney. This long traverse gives ample time for the heat to 
be radiated through tlie tul>es, the furnace sliell, and the smoke 
boxes into the aur currents which pass around them. When the 
whole furnace is eased in, as shown in Fig. ISG uniler Ovens, it 



forms an efficient means of heating lai^e volumes of air by direct 
firing, without any risk of contamination by smuts and the 
products of combustion. 

Show's (Patent) £mnomie Furnace, illustrated by general view 
in Fig. 47, is a hot air furnace, esitecially designed for drying 
purposes. The comlnistion chamber is entirely enclosed by a 
stout, many gilled body, which allows of an intense heat without 
any product of combustion coming in contact with the heated 
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air. The neck on the front of the grate allows of it being built 
into an exterior wall, so that the stoking can be done from 
outside. The gilled radiating surface can 1x5 open to a brick 
room or encased with metalwork to concentrate its heat. The 
flue passes straight through and out at the back of the furnace 
to conduct the smoke, &c., away. While first applied to hop 
kilns in converting them into hop drying-rooms, it is applicable 
for other hot air supply to rooms, tunnels, or ovens. The grate 
and ash doors sliown are suitable for coal, coke, &c., but can be 
adopted to other fuels. 

For further Drying Furnaces see Figs. 87, 96, 140, 142, &c. 



Flues and Ducts. 

Flues. — The flues in connection with the furnaces and steam 
generators for drying are similar in most respects to those used 
in other steam plants, and need not be detailed here. In con- 
nection with direct fired drying floors and drying pans, the flues 
are generally divided into a number of comparatively small ones, 
in order to distribute the heat over the floor or pan as evenly 
as possible. In these cases, too, they generally extend the full 
length of the floor or pan, and the vertical flue or chimney is at 
the far end from the fires. The bottom of the flue is generally 
of sand, as a bad conductor (see p. 104). In some drying ovens 
the flues are of metal, as being good conductors, so that they 
radiate off their heat to the air surrounding them (see Fig. 128 
and p. 223). 

In the cylinder dryers the dryer proper forms the main flue, 
and receives all the products of combustion (see Fig. 93, p. 184). 
But in others the flue surrounds the cylinder and heate the 
material through the substance of the cylinder (see Fig. 96, 
p. 185). In kilns and some stoves, too, flues are not necessary 
as the "material is so placed as to allow the hot gases and 
products of combustion to pass through or between them into 
the outlet cowl or vent. 
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Table XIV. — Equalisation of Pipe 

Diameters. 

This table shows the relation of the combined 
area of small round warm air ducts or pipes 
to the area of one large main duct. 

The bold figures at the top of the column 
represent the diameters of the small pipes ^ r* 
or ducts ; those in the left-hand vertical m^en 
column are the diameters of the main C?'-^^ 
pipes. The small figures show the 
number of small pipes that each 
main duct will supply. 

Example. — To supply six- 
teen 10-inch pipes : Refer to Or* 
column having 10 at the top ; -jg^^^ 
follow down to small figure »^ »h - 
16, thence left on the hori- t-!2S 
zontal line of the bold-face 
figure in the outside 
column, and we find ^ 
that one 
main will supply 
air for the sixteen 

10-inch pipes. t^^^^ e^c^Gfioosc 
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Ducts. — Ducts for hot and cold air are of gieat importance 
ill connection with drying. As they are sources of loss in heat 
by radiation, and of power by the friction of the air against 
their sides, they are to be avoided where possible. And where 
in distributing it is necessary to subdivide, it should be by 
carefully equalised capacities, for which Table XIV. is of great 
use. 

In all air ducts abrupt angles should be avoided, and blank 
ends quite debarred. All turns should be by curves at a good 
sweep, and as few turns as possible, even when gradual. In all 
cases it is expedient to test each branch by the syphon gauge to 
see whether it is obtaining its calculated current. This can 
readily be checked by the Table XV. of Syphon jyressicre draft 
gauge, 

Tatjle XV. — Syphon Pressure Draft Gauge. 



Height 


Pressure 


Velocity, 


Vel.xrity, 


Hei^llt 


Pressure 


Velocity, 


Velocity, 


Water, 
Inches. 


per Lb. 


Feet per 

oCC. 


Keel per 
M in. 


Water, 
Inches. 


per Lb. 


Kert per 
Sec. 

49-9 


heel per 
Min. 

2,94:j 


01 


0T)2I 


1505 


903 


1-1 


5-731 


0-2 


I -04 2 


21-3 


1,278 


1-2 


6-252 


52-1 


3,126 


0-3 


1-503 


26*06 


1,564 


1-3 


0-773 


54-2 


3,252 


0-4 


2-084 


3rl 


1,800 


1-4 


7-294 


56-3 


3,378 


0-5 


2-605 


33-6 


2,016 


1-5 


7-815 


58-2 


3,492 


0-0 


3- 1 20 


36.8 


2,208 


1-6 


8-336 


60-2 


3,612 


07 


3-647 


39-8 


2,388 


1-7 


8-857 


62-0 


3,720 


0-8 


4-108 


42-5 


2,550 


1-8 


9-378 


63-8 


3,828 


0-9 


4-689 


45-1 


2,706 


1-9 


9-899 


66-6 


3,936 


ro 


5-210 


47-5 


2,850 


2-0 


10-420 


67-3 


4,038 



This gauge, whicli is illustrated in the standard form by 
Fig. 48, consists of a syphon with a socket connection. 
Tlie syphon generally contains water when the readings on 
the gauge are actual, but sometimes a lighter liquid such as 
petroleum is used. Then the readings are more sensitive, 
and can be reduced to water scale. When connected to the 
air duct or flue, the difference in pressure at once causes a 
movement in the syphon corresponding to the aspiration of 
the air. As the velocity is dependent on this difference of 
pressure, it can readily be calculated as shown in Table XV. 
This table also gives the pressure in pounds per square inch of 
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surface for comparison. The gauge, besides the special joints 
for easy renewal and cleaning, 
also has a neetlle valve shown in 
the l)a8e to simplify the adjust- 
ment of tlie water eolunin to zero 
of the scale. It will be advisable 
in all cases of importance to put 
a valve in the duet to enable tlie 
cai>acity to be equahsed or varied 
if found expedient on testing. 



Examples. — Many plants for 
drying by hot air are so designed 
as not to need any ducts; for 
instance, the one shown in Fig. 42 
working on the, plenum system 
does not necessarily need any ducts 
if placed in or near the drying- 
r tom or oven ii}, 49 dluatrates 
an aiplicatioi of a heater tf two 
r Mjnis alternately so arranged that 
onlj one valve and no lucts are 
reqnired In this case the air 
propeller is used to force the air 
througl the heater and so has Itsa 
volume jf an to tiansniit the air 
being in a denser and cooler c n 
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dition. The lieated air is supplied iiudor tlie plciiiiiii, created 

by the fan pressure and tlie expansion of the air from the heat. 

The heater shown in Fig. 50 is a yet simpler arrangement, 



(Ibtloiul Rkdiitor Co., Ltd,) 



having no fan or pro|M.'ller, yet Biipplying heated air eittier for 
drying or ventilating under slight plenum with aeration. The 



inlet and outlet ducts shown could he dispensed with and still 
obtain nearly the same efticiency. 

Ducts arc also useful in regulating tlie temperature of the 
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air currents, and by means of suitable valves allow a very wide 
range ot adjustment as will be readily seen, giving acconi- 
motlation tor supplying under the full force of the fan either 
cold air only, or hot air only, or any graduation between the 
two extremes, simply by altering the valves without any stop- 
page of ^he fan or the heater. 

Where the drying oven is subdivided by frames or gantries 
as in laundry ovens, the duct shown in P'ig. 51 fonus a means 
of giving an rgKaOsrd dtstriiutimi in each portion of the oven 
or compartment, and thus ensuring the most intimate con- 
tact with the surface ot the materials or goods to be dried. 

The regulation of eqi^al 
currents in two or more ducts 
from a common source is not 
a simple matter, and it is 
advisable in working to test 
each duct. For this purpose 
Biravi'a Air Meter, shown in 
Fig. 52, is a very handy form 
made specially for inserting 
in any part of a duct. The 
vanes and works are so con- 
structed as to prevent injury 
and ensure accuracy, being 
dust - tight and an ti corrosive. 

The d iala register up to no. 52.— biram's air meter. 

100,000 ft., anil by means of (SegiBtti»z«o.i.r».) 

the catch over the gear can 

l>e stopped and started when in position. The principle is 
the same as that described on page 66, but adapted in form to 
its special purpose. 

A special louvrcd ilwt or series of small ducts applied in 
leading the heated air in a nuuilier of distributed jets through 
the moving mass of grain or similar granular material is shown 
in Fig. 53. The air chamber is entirely surrounded by the 
double easing of which a portion is .sliown, the inner casing 
Iwing of metal louvres and the outer of perforated metal. 
Between the two the grain falls by gravitation, and as the 
chamlmr is of coiisideralile height it is wanned and dried 
<luriiig its passi^ through this stream of heated air. The fall 
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of tlie grain is regulated liy the valve at the foot, which only 
permits a given quantity to Xte ileli\ered hy the roller. 



Heat Losses. 

Jfmv and IV/ifre they Arise. — Every transfer of heat from the 
furnace or source where it ia generated causes a loss in the avail- 
able portion for actual work. Thus in the furnace some of the 



heat enet^' is ahsorlied or lost in warming the fuel, the bars and 
the flues must be heated to the tennieratui-e of the escaping gases. 
In kilns, stoves, and direct fired cylinders, floors, and pans, part 
of tlie heat is used for heating their stnictures and replacing 
their losses by ratliation ; these varj' greatly according to their 
structure, lea\'ing the whole of the remainder available for heat- 
ing the material and evaporating the moisture. Hence kilns, 
Bto\'e8, and direct fired cylindera, floors, and pans, should, if well 
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constructed, be economical of fuel so far as the actual transmis- 
sion of the heat to the material is concerned. In the case of 
floors and pans the radiation, however, is found in practice to be 
a considerable loss. All furnaces demand the necessary heat to 
convey away the waste gases, and the difference between their 
temperature and that of the air and fuel before they entered 
the fire. 

In dealing with drying by hot air, hot water, and steam, 
there are further losses of heat at each stage of their trans- 
mission. The boiler, the pipes, the valves, and the heater, all 
claim tlieir quota in heating their constructive materials and for 
the radiation from their surfaces. 

Having the air heated and delivered at the highest tempera- 
ture the nature of the material to be dried permits of, there are 
further losses to be considered before the air can perform its 
purpose of drying to the best advantage. The room, oven, tunnel, 
chamber, compartment or receptacle has to be heated and main- 
tained heated against losses by radiation. The actual warming 
of the room, &c., is of small amount, and can generally be ignored, 
but the radiation losses vary greatly and must be fully considered 
in every economical drying plant. This loss will depend on the 
extent and nature of the exposed parts of the rooms. They can 
\je calculated in B.Th.U. per hour according to the difference in 
temperature between the inner and outer sides of the walls of 
the structure by the coefficients of transmission as given in 
Table XVI. Further provision must be allowed for special condi- 
tions such as exposure, or Imd construction of doors and windows. 

After allowing for all these losses of generation and trans- 
mission, the heated air being in contact with wet material is 
subject to the task of heating this material, and the amount of 
loss from this cause will depend on the specific heat of the 
material (see Table III.) and the difiference of temperature be- 
tween the material as placed in the dryer and when dried. 

A further considerable loss during the vaporisation arises 
from the fact that the vapour is removed in nearly all cases 
superheated or having more heat than essential for its density. 
This is one of the losses which the various types of drj^ers 
especially aim at eliminating so far as economically practi- 
cable, but full saturation is seldom obtained and never econo- 
mical. 
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Table XVI. — Heat Transmission Losses. 



External temp., Fahr. 
Internal temp., „ 
Temp, difference, „ 

Multipliers for — 
4|-in. brick wall 



9 
14 
18 
22 
26 



» 



Single windows- 
Double ,^ - - 
single (skylights 
Double „ 
Corrugated iron roof - 
Ceiling close to roof - 
Ceiling, with good air 

space 
Floor, 12 in. concrete 

and wood 
Floor, wood on joints - 
Door^, li in. thick - 



45 


40 


35 


30 


25 


20 


151 


Co. 


60 


60 


60 


60 


60 


60 


60) 


efficient, 


15 
7-5 


20 
10 


25 


30 
15 


35 


40 
20 


45 


1 


12-5 


17-5 


22-5 


-5 


5-25 


7 


8-75 


10-5 


12-25 


14 


15-75 


-35 


4-05 


5-4 


6-75 


8-1 


9*45 


10-8 


1215 


•27 


3-45 


4-0 


5-75 


6-9 


8-05 


9-2 


10-35 


-23 


3 


4 


5 


6 


7 


8 


9 


•2 


2-7 


3-6 


4-5 


5-4 


6-3 


7-2 


8-1 


-18 


15-45 


20 6 


25-7 


:30-9 


36-05 


41-2 


46-35 


i-a3 


7-5 


10 


12-5 


15 


17-5 


20 


22-5 


-48 


16-65 


22-2 


27-75 


33-3 


38-85 


44*4 


49-95 


111 


7-5 


10 


12-5 


15 


17-5 


20 


22-5 


•5 


32-55 


43-4 


54-25 


65-1 


75-95 


86-8 


97-65 


2-17 


4-8 


6-4 


8 


9-6 


11-2 


12-8 


14-4 


•32 


1-95 


2 6 


3-25 


3-9 


4-55 


5-2 


5-85 


-13 


2-55 


3-4 


4-25 


51 


5-95 


6-8 


7*65 


-17 


7-8 


10-4 


13 


15-6 


18-2 


20-8 


23-4 


•52 


6-76 


9 


11-25 


13-5 


15-75 


18 


20-25 


•45 



The actual heat available for evaporating the water and 
thus drying the material must eventually amount to sufficient 
quantity to supply the latent heat to \'aporise the water, and 
the sensible heat to raise the temperature of the vapour to that 
of the air at the point of exit. The latent heat is thus a still 
further apparent loss, hut only apparently so. If the vapour 
were cooled back to water at the primary temperature it would 
emit the latent heat as well as the sensible in the operation; 
whereas all the other losses are so much thermal energy used 
up in extraneous directions, and could not be made available by 
any condensation of the vapour back to water. The quantity 
of heat which would thus be emitted really represents the total 
heat absorted by the water, and can readily be calculated by the 
following formula, where 

B^ = the heat of 1 lb. of the vapour in B.Th.U., 
Ta = temperature in Fahr. deg. of the wet material, 
T^— „ „ „ aqueous vapour, 

Lj = latent heat in B.Th.U. 

Then Brf=(T^-Ta) + L^ 

= (Trf - Ta) + 966 - -7 1 (Ta - 212**). 

In other words, tlie total heat will equal the difference in 
temperature or sensible heat (T^—Ta) plus the heat of evapora- 
tion or latent (L^) heat, as sliown in the Table X. 



INSLLATION 



Insulation. — The losses of heat arising from transiniss 
in the ducts and drying-rooms, wliile not so vital as in the c 



of steam pipes, are yet always a point for consideration, and in 
many cases of great importance. Hence insulation ia desiralJe 
from an economical point of view. The illustrated types (Fig. 54) 
of built-up insulation are esaentially suitable where the drying- 
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rooms or ovens are exposed, especially when working at slight 
variations of the air pressure whether above or below normal. 
Slag wool is shown as being really the best non-combustible 
covering, and in drying apparatus its brittle nature does not 
count, vibration or jar not being present. The fine hair-like 
capillary fibres lace and interlace each other in every direction, 
forming numberless minute air cells containing " still air," which 
is recognised as the best non-conductor. The advantages of 
Class A construction over tliat of Class B well cover the extra 
expense in dealing with high or low temperatures, but for 
ordinary drying purposes Class B is ample. 

Non-Conductors. — The wide difference in the values of 
non-conductors is shown by the Table XVII. of insulating 
values quoted from Steatti, Although air is a bad conductor 
its fluidity causes it, when undivided, even though confined, to 
readily convey the heat and dissipate it by convection, but 
where the air is held as " still air " in the minute air cells of 
other materials it greatly increases their insulating value. 



Table XVII. — Insulating Values. 



Substance. 


Value. 


Substance. 


Value. 


*Loose wool 


3-35 


Loam, dry and open - 


•66 


*Loose lampblack - 
^Geesefeatners- 


112 


Chalk, ground, Span- 




ro8 


ish white 


•51 


*Felt, hair, or wool - 


r 


Coal ashes 


•36 to -49 


*Carded cotton - 


r 


Qas-house carbon 


•47 


*Charcoal from cork - 


•87 


Asbestos paper - 


•47 


Mineral wool - 


•68 to -83 


Paste of fossil meal 




Fossil meal 


•66 to 79 


and asbestos - 


•47 


♦Straw rope, wound 




Asbestos, fibrous 


•36 


spirally - 


•77 


Plaster of Paris, dry - 


•34 


*Rice chaiT, loose 


•76 


Clay, with vegetable 




Carbonate magnesia - 


•67 to -76 


fibre - 


•31 


♦Charcoal from wood 


•63 to -75 


Anthracite coal. 




♦Paper 


•60 to -74 


powdered 


•29 


♦Cork - 


•71 


Coke, in lumps - 


•27 


♦Sawdust - 


•61 to -68 


Air space, undivided - 


•14 to 22 


Paste of fosbil meal 




Sand- 


•17 


and hair 


•63 


Baked clay, brick 


•07 


Wood ashes 


•61 


Glass 


•06 


♦Wood, across grain - 


•40 to •SS 


Stone 


•02 



Combustible, and sometimes dangerous. 



— Steam,, 
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In direct fired drying plants the insulation is generally of 
fire-brick cemented l)y gannister and supported by thick layers 
of brick or stone work, wliile at the top and bottom sand is 
used because of its cheapness and in goodly quantities to com- 
pensate for its comparatively poor efficiency. 

Some of the stoves and cylinder dryers are lagged and then 
covered with bright tin or steel plates which are very efficient, 
being also used on portable engines for the same purpose. 

Dangers. 

The dangers from drying are due to (1) the nature of the 
material to l)e dried, (2) the different action the same quantity 
of heat has upon the material when applied in var}dng periods 
of time, (3) the differing power of heat absorption of the same 
material, when wet and when dry, (4) the uncertainty of the 
amount of moisture in the wet material, (5) the uneven or 
partial application of tlie heat, and (6) the vaporisation l^eing 
from the surface and not evenly throughout the mass. 

Nature of the Material. — As drying is required more or 
less in or on all solids and semi-solid substances and goods, their 
varying natures offer many very wide and interesting problems. 
On the one extreme there is granite or limestone chippings 
to dry for asphalting, on the other, silk and woollen fabrics 
after dyeing. In many cases the danger is so obvious as to be 
less a danger, but many of these characteristic dangera can 
only be learnt from experience. For while light is generally 
an assistance to drying and a benefit to the material which 
has to be dried, there are materials such as leather and rubber 
in which light is olyectionable and direct light injurious. 

Time Problem. — The time problem is also one needing 
actual experience or careful experiment. While it is necessary 
to apply a fixed quantity of heat energy to vaporise a fixed 
quantity of water, and this quantity of heat can be applied 
without injury to the material in due time; but if the heat 
be applied quicker than the material acconnnodates itself to 
the modified conditions, injury is l)Ound to result. For instance, 
wet bricks or pottery will crack and warp if heat is applied in 
any way but slowly and evenly until a very large percentage 
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of their water is evaporated, wliile intense lieats afterwards 
are beneficial. Lumber drying is specially beset with these 
dangei-s, for the resin and albumen of the sap are readily 
hardened by heat. Thus if heat be applied too quickly the 
resins and albumens near the surface harden and close up the 
pores, thus " checking " the vaporisation of the interior moisture. 
On further heat being applied they expand and cause cracking, 
while the albumens not being withdrawn from the interior set 
up the fermentation and initiate the decay that the drying 
when properly carried out entirely prevents. 

Wet and Dry. — A material while in tlie wet state is usually 
of much greater heat capacity, because of the capacity of its 
moisture, also because its pores have not the air in them which 
make a large difference to their conductivity. In batcli drying 
or where there is not a good lx)dy of air to absorb the heat, 
and so prevent any quick clianges of temperatures for small 
increase of added heat, this is a danger to any sensitive material. 
In drying by actual contact with heated pipes or metal in the 
open air, but more especially in stoves, there should be careful 
and adequate provision for an abundant air current, or for 
instant withdrawal of the dried product. If a material is to be 
partially dried and removed while part of the moisture still 
remains throughout its mass, a higher degree of temperature can 
be safely applied. While when drying by lieated air, if the 
material has to be thorouglily dried, the temperature of the 
heated air should never exceed that suitable for the dried state 
of the material. 

Degree of Dryness. — If the exact amount of moisture in 
a wet material were known, it would often be possible to apply 
more intense, and therefore more economical, lieats, as the time 
for drying could then be calculated and a time safeguard put 
to regulate the heat sui)ply. The impracticability of measuring 
the moisture quite prevents this being possible in regard to 
any sensitive material, the only safe course being to work at 
temperatures considerably under the critical one for each 
particular material when in its dry state. 

Local Application. — The uneven or local application of the 
heat causes distortion and cracks in many aiticles owing to 
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the fact that nearly all materials shrink as they dry. This 
shrinking, being local instead of uniform, causes tlie damage. This 
is often conspicuous in sun-dried substances, as the radiant heat 
is so much more powerful than that in the air and than the 
cold ground. It points to the advisability of all wet materials 
being kept from contact with the source of heat, or if in contact 
as in the cylinder dryers, then they should te agitated to get 
every point equally often in contact. The warping of wood 
when not evenly exposed to the air is thus caused, and the 
result shows the power with which dried materials shrink. 

Even when the heat is carefully adjusted in temperature 
its even distribution in the drying chamber is of considerable 
importance, especially in the case of thermally sensitive goods, 
such as rubber, claywares, &c., and draughts are to be avoided. 
There is also the consideration of obtaining an equally dried 
sample throughout the batch or bulk. Various arrangements 
of louvres and divided shoots are used to ensure this. The 
Equalising Chambers illustrated in Fig. 96 for cylinders. Fig. 1.S3 
for rooms, and Fig. 171 for autoclaves are cases in point. The 
Distribution Equaliser, shown in Fig. 51, also aims at this 
desirable end, while there have just been placed on the market 
Tapair Sprays, which are specially formed double tapered air 
passages to ensure an even distriljution under high or low 
pressure without local eddies or draughts. 

Practically all evaporation is from the surface, and the 
drying of the mass is a gradual process of equalisation 
dependent very largely on the nature of the material. If 
the material can be moved or agitated so that each particle 
comes repeatedly to the surface, then the speed can be greatly 
accelerated, but where the mass is dense or the inner portions 
are inaccessible, the aim should be as far as practicable to apply 
heat only so fast as it can be conducted by the material. This 
is the great advantage of gantries for drying and the great dis- 
advantage of floors heated from above. With floors heated 
from below, the danger is from a cooking or " caking " operation 
followed by the uneven sample produced. 
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General Considerations. — While the time problem is of con- 
siderable importance in applying the heat to vaporise the water, 
the removal of the vapour cannot be too rapid. Time is re- 
quired between the application of the heat and the actual 
vaporisation. But the vapour forms an atmosphere and pressure 
of its own which increasingly tends to retard or prevent 
further va})orisation as saturation is approached. Hence the 
more quickly tlie vapour is removed the more speedy will be 
the vaporisation at the same temperature. 

Nature's v:ay of removing this vapour is by air currents, and 
artificial drying is only an acceleration of this method, except in 
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the case of the vacuum process. [In the vacuiuii process the air 
is practically eliminated from the dryer i-eceptacle, and the 
vapour pumped out as formed (see page 111).] The air current, 
whether natural or mechanically produced, mingles with the 
vapour, and carries it along with itself. The vapour is at all 
temperatures very attenuated as compared with air. At low 
temperatures this is the more marked ; for instance, as will be 
seen from Table VI., at 32° Fahr. vapour is -000304 lb. as com- 
pared with air, '0807 lb., per cubic foot. Although the vapour 
increases in density and weight as the temperature rises, still 
at 212" Fahr. the vapour weighs '03682 lb. as compared to air, 
•0591 lb., per cubic foot, and it will be noticed that it has then 
practically expelled the air from the saturated mixture. With 
this small amount of vapour when saturated it becomes at once 
apparent that the volume of air to be moved will be great, 
and if the air be not saturated the volume required will be 
increased proportionately, hence for efficiency the air should 
be well burdened. To obtain any considerable degree of 
saturation, however, takes time, and this limits the velocity 
at which air can be economically utilised for drying. If it 
be advisable to accelerate the drying, and it is to be done 
economically by air, then the volume must be increased 
wliile retaining the same velocity and temperature. This is 
quite independent of the fact that the air may or may not 
at the same time be the medium for conveying the heat to 
the material. 

Systems of Vapour Removal. — The air is in contact 
with everything which has to be dried, so whether it be used as 
a medium in the process of drying or not, it has in any case 
to be moved before drying can be perfected. Various methods 
are used for removing the air and the commingled vapour. 
These methods may be divided according to their principles of 
operation into — 

(1) Aeratio7i Process, where the air movements are caused 
by the difference in weight between the warm and cold 
air. 

(2) Exhaifst Process, where the air movements are assisted 
more or less from the drying space by mechanical means. 
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(3) Vacicum Process, where the air is withdrawn from the 
drying space and vaporisation proceeds under a vacuum. 

(4) PlcnuiJi Process, wliere the air movements are controlled 
by the addition of a superabundance of air to the drying space 
by mechanical means, usually a fan. 

(5) Goitijyrcssion Process, where the air is pressed out by a 
blast from an air compressor. 

(1) Aeration Process. — This removal may be at ordinary 
atmospheric irressure, as by the wind on drying floors, drying 
pans, drying gantries when in the open, or in sheds, kilns, 
stoves, and cylinders working without any mechanical draft. 
In this case the current or movement is caused by the 
difference in weight between the warm and cold air. The 
cold air being heavier naturally gravitates downwards, and 
lifts the more buoyant warm air. Hence the uneven dry- 
ing capacity in relation to the quantity of heat absorbed. 
For the air may be displaced before it has obtained its full 
burden of vapour, as in high temperatures. Or the difference 
in weight may be insufficient to displace the saturated air as 
rapidly as the vaporisation proceeds in the case of low tempera- 
tures, especially where there is but a small difference in the 
temperature in the dryer and that outside. 

This may for convenience l)e called tlie atmospheric or aeration 
process, and being dependent on varying atmospheric conditions 
is unreliable in the quantity of water evaporated, and the 
quality of the consequent drying. Further, while in some 
instances the generation of the lieat may be the most economical 
and efficient, the drying is far from economical or efficient, 
owing to the waste of heat in removing the vapour. Besides 
which, as the air is all drawn or rolls inwards because it is 
heavier, as Ijcing colder, it is also naturally tending to retard 
the vaporisation, which after all is entirely dependent on heat. 
The colder the air the more it will tend to gravitate towards 
the material which is being and must be warmed in order to 
facilitate the vaporisation. This process, however, requires no 
motive power or machinery with the contingent expense of 
working and upkeep, besides the original first cost. Working 
at high temperatures, the percentage of loss under this process 
is less than would appear at first sight. 
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(2) Exhaust Process. — The air may be drawn away quicker 
than gravity would perform the removal. Tliis necessitates 
some mechanical assistance, usually a propeller or fan, and 
according to the degree of this assistance, tends to create a 
rarefied condition of the atmosphere which intensifies the 
difference of weiglit. The surrounding atmosphere endeavours 
to close in from all directions to equalise the conditions, and 
thus supplies the fresh air to continue the process. This is the 
exhaust pi'occss, and has the advantage over the atmospheric 
process in that by lessening the pressure of the air, vaporisation 
proceeds quicker at the same temperature, besides the increased 
speed and capacity arising from the more rapid removal of the 
vapour itself. The exliaust process partially removes the uncer- 
tainty of the atmospheric conditions, but obviously only to the 
limited extent of giving a positive current. As it takes that 
current from the outside, even if it be warmed after entry, it is 
still subservient to the conditions obtaining in the source of 
supply, which vary greatly. 

The exhaust process gives a positive amount of current, but 
owing to the fluidity of air it is very difficult to ensure that 
the exhausted air has been in contact with the source of heat 
to obtain vaporising capacity, or with tlie material which has 
to be dried, to i)erform its functions as heat conveyor and 
vapour remover. The fan, of whatever kind, will draw its 
supply from the nearest and coldest source, whether it is a leak 
in the dryer or not. Hence the more powerful the exhaust, the 
more need to carefully watch the design and manufacture of the 
dryer. In all cases the exhaust process is tending to withdraw 
the heat bearing medium from the material which has to be 
heated, and it may do this to an extent as to retard the pro- 
duction of vapour, and thus to counterl)alance the advantage of 
the increased removal of the vapour when formed. 

(3) Vacuum Process. — If the materials to be dried are en- 
closed in an oven or receptacle which is air-tight, then tlie process 
of withdrawing or exhausting the air may l)e continued so as to 
produce a practical vacuum, and the vapour withdrawn without 
the intervention of any air or other medium. This is called the 
vacuum process, and given suitable materials, the proper applica- 
tion of this process offers great economies of fuel and time. By 
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reducing the pressure, the heat units are assisted in transmission 
to the wet material, hence the vaporisation goes on much quicker. 
With the reduced pressure the boiling point is lowered, and as 
the boiling point is approached, so the vaporisation tends to 
proceed throughout the mass of the substance, instead of merely 
on the free surface. Further, the vapour being withdrawn 
promptly, and no source of leakage for the heat being possible, 
the whole process is working under ideal conditions for lieating 
and vaporising the moisture, and, if the vapour were not so 
attenuated, for its rapid removal also. 

Like all powerful or quick working machines or processes, 
the vacuum process needs considerable experience in applying 
to various materials, and promptitude combined w-ith skill 
in usage, hence this process should only be used by experi- 
enced hands according to the instructions of experts. The 
removal of the air pressure allows the water or moisture in 
the material to come to l)oiling point at comparatively low 
temperatures, which obviously accelerates the vaporisation, but 
the material may be one whicli boiling, even at a low tempera- 
ture, would injuriously affect by increasing its porosity or volatil- 
ising some desirable constituent. Then, again, while the water 
is in the material, all the heat available can be usef idly absorlied 
by it even at the increased rate which the reduced pressure allows. 
But so soon as the water is vaporised, the lieat being supplied 
and the reserve of heat in the oven or receptacle has only the 
material to warm, and the temperature to which it will do this 
depends on the specific heat of that material. So the rise in 
temperature in the material may he an injurious one if prompti- 
tude and skill are lacking on the part of the attcmdant. The 
makers of repute design their apparatus to minimise these 
obvious risks to the utmost possible extent, and have in the 
continuous machines arranged the automatic feed and delivery 
of amenable materials in a manner to save to a very large 
extent the expense of skilled attendance. 

(4) Plenum Process. — Another mode of removing tlie 
vapour is to supply such a superabundance of air as to create a 
state of more than atmospheric pressure or plenum. This is 
called the plenum process, and is obviously only applicable in an 
enclosed room or receptacle with regulated egress for the air. 
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Supplying the heated and therefore expanded air under pressure 
ensures a complete intimate contact to every accessible portion 
of the surface of the wet material and the room with its fixtures, 
thus all are heated thoroughly and as efficiently as possible by 
the use of air. The pressure prevents any cold currents entering 
to cause condensation or use up the heat unprofitably. Any 
leaks are positive losses of heat, but they do not neutralise the 
action of the remaining air. The material is kept in a uniform 
warm state. The quality, volume, temperature, and point of 
admission are strictly under control in each portion of the dryer, 
and they can be promptly and accurately varied from time to 
time as may be desirable to accommodate the nature and con- 
dition of the wet or dry material. While the water is abundant 
in the wet material a higher temperature may be maintained 
and gradually or instantaneously lowered as the material dries 
without any necessity of removing or modifying the position of 
the material. This is then an adaptable and positive plan, 
specially effective in obtaining that intimate contact which 
ensures equalised heating and therefore vaporisation. The 
increased pressure need not be much over that of the atmo- 
spheric conditions ; howe^'er, every increase of pressure means 
retarding the vaporisation, and to this extent the plenum 
process works at a disadvantage. 

(5) Compression Process. — This is only used under 
exceptional circumstances, as it must necessarily be an expen- 
sive process compared with the amount of moisture removed. 
The compression of the air naturally absorbs considerable 
power and desiccates it to some extent. Usually the air is 
further desiccated by passing over or through broken calcium 
chloride before it is injected into the space to be dried. An 
efficient machine working on this principle is illustrated in 
Fig. 168 for use in cable desiccating. Compression is also 
used on a large scale in desiccating the air for use in cupola 
and furnace practice. It is found that by desiccating and 
heating the blast great fuel economies are effected, while the 
output per day of the furnace is also considerably increased. 

Comparative Features. — Taking a general and compara- 
tive view of these processes it will be found that each has 

15 
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considerable advantages and some disadvantages, also that these 
are both relative to each other and not absolutely advan- 
tageous or disadvantageous from every aspect. Further, that 
these tend to suit the condition and circumstances of different 
materials. For instance, the absence of any essential machinery 
in the aeration process in high temperatures sometimes out- 
weighs all disadvantages. The increased vapour removal and 
improved draft in the exhaust process often tend to produce 
the air-dried results which are particularly required in some 
products. The rapid and thorough heating and vaporisation 
of the vacuum process are essentially suited for desiccating 
with economy and the utmost efficiency. The pressure and 
positive control of the plenum process are conspicuously suit- 
able to obtain the intimate contact and equable action in 
delicate and intricate materials or fabrics which would be 
contaminated by a polluted atmosphere. The several character- 
istics of the material to be dried help to decide the process most 
suitable for that particular material. It is the wet material and 
the finished prodiwt desired which must eventually decide the 
process to be applied, often quite overruling any economies or 
disadvantages which may be in the process. Hence the need 
of wide experience in materials and the various modifications 
of the several processes in deciding the most adequate plant to 
meet the specific requirements. 

Wind and Chimneys. 

Winds. — The winds or the natural air currents caused by 
the different density of cold and warm air are powerful means 
of drying, but generally so unreliable in their amount and degree 
as to l)e quite out of consideration for ordinary present-day 
commercial purposes. Where air-dried products are sought, 
however, the extra price obtained will in some cases allow for 
the delays and extra ground needed. Of course there is the big 
consideration that the heat and vapour removing are free of 
cost in fuel and power, while the appliances are only such as to 
open out the material for the greatest possible surface exposure. 
Actual experiments with the winds very clearly demonstrate 
the great importance of rapid changes in accelerating drying at 
the same temperature, for water exposed in an open vessel 
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evaporated more than twelve times as fast in a moderate gale 
to what it did in a calm air. 

Table XVIII. — Wind Velocity and Scale. 



Beaufort's 
Scale. 




Description. 


1 

Velocity in 

miles 
per hour. 

3 


CaJm - 


1 


Light air - 


8 


2 


Light breeze 


13 


3 


Gentle breeze 


18 


4 


Moderate breeze - 


23 


5 


Fresh breeze 


28 


6 


Strong breeze 


34 


7 


Moderate gale - 


40 


8 


Fresh gale - 


48 


9 


Strong gale 


56 


10 


Whole gale - 


65 


11 


Storm - 


75 


12 


Hurricane - 


90 



— J, G. Symons, 

Chimneys labour under the same disadvantage as the wind 
in regard to unreliability in their results, but not to the same 
extent, while by an increased fuel cost the disadvantage may 
be overcome as it arises. But for drying it is particularly 
objectionable to have an appliance which works to the greatest 
disadvantage in a hmnid atmosphere just where drying is most 
called for. 

The air currents in chimneys arise from difiference of gravity 
between the air in them and that in the external air, hence, as 
Table XIX. shows, the greater the excess of heat in the chimney, 
the greater the quantity of air removed. Further, as the height 
increases, the column of air in it is lighter than a corresponding 
column of external air, and so tlie extra weight produces an 
extra velocity. The heat is thus absolutely essential to produce 
the current in the chimney, and serves no other purpose. 
Measured by the mechanical work done compared with the 
heat al}8orl)ed, chimneys show remarkably low efficiency, as 
only about sLx ten-thousandtlis of the heat expended is repre- 
sented by work done, even under fairly favourable conditions. 
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In regard to drying, too, it is also necessary to bear in mind, 
when considering the chimney as a means of extracting vapour, 
that the air mixture leaving the dryer is heavier than that 
entering it. The vapour is lighter than air at the same tem- 
perature, and to a certain extent displaces the air, but the air 
has given up its heat to the material and in vaporising the 
water. Thus the more efficiently the air has done its work, the 
colder and, therefore, heavier it is. Hence, in using a chimney 
as an accessory to drying, it should extract at the l)ottom of the 
drying-room. It has, however, to 1x3 borne in minrl that other 
conditions remaining similar, the hotter the air leaves the drying- 
room the more capable it is of carrying vapour, so that the heat 
is not so entirely lost as is the case in a chimney from a furnace 
which is not also drying. 



Table XIX. — Volume Discharged by Difference of 

Temperature. 

Per minute through a duct, of which the cross-sectional area 
is 1 sq. ft. (the external temperature of air being 32^ 
Fahr.) 



Heisht 

of 

Vent Duel 

in Feet. 


Excess of TeniperaUire of Air in Vent- Duct above that of External Air. 


6" 


10' 

108 
133 
153 
171 
188 
203 
217 
230 
242 


15" 


20" 


26" 

171 
210 
242 
271 
297 
320 
342 
363 
383 


:50" 


50" 

242 
297 
342 
383 

419 
453 
484 
514 
541 


100" 


150" 


10 
15 
20 

25 
30 
35 
40 
45 
50 


77 
94 
108 
121 
133 
143 
153 
162 
171 


133 

162 
188 
210 
230 
248 
265 
282 
297 


153 
188 
217 
242 
265 
286 
306 
325 
342 


188 
230 
266 
297 
325 
351 
375 
398 
419 


342 

419 
484 
541 
593 
640 
656 
476 
278 


419 
514 
593 
663 
726 
784 
838 
889 
937 



Timber Drying without Mechanical Aids.~>In fact, in 
1897 a very ingenious plan of utilising a chinniey for drying 
timber without any mechanism was patented. The working is 
on the progressive tunnel or shed system, where the timber on 
trucks passes into the tunnel at one end wet, and out at the 
other thoroughly dried. The track for the trucks is on a false 
floor, beneath which at the delivery end is a coiled pipe heater. 
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The Iieatcd air being lighter rises up through the false lloor and 
thoroughly mingles with the tiDiber, and as it passes to the 
receiving end becomes partially saturated with vapour, and 
colder by the amount of heat used to ^-aporise this moisture and 
losses by radiation. It has gained relative weight per cubic 
foot, and rolls down the opening in the floor. Under the 
floor is the duct to a vertical shaft or chimney, into which the 
saturated air flows. Although considerably cooler than the 
air supplied by the heater it is still at a higher temperature 



tlian the external air, and, therefore, rises, carrying with it the 
burden of moisture as vajtour. 

It is an automatic method of utilising the varying density of 
the same weight of air as it gains or loses heat, and offers great 
economies of fuel and laixnir. For further particulars of this 
. system see Fig, llTi. 

Fans. 
Although there are many kinds of fans there are only two 
twites as Ijcing based on different principles of action: (I) the 
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Disc or Propeller, and (2) the Centrifugal or Peripheral Dis- 
charge Fan. 

(1) Propellers. — The Disc Wheel or Propeller is constructed 
on the same principle as the screw propeller used in ships, the 

blades being so placed 
as to move the air in 
lines parallel to its 
axis, each blade acting 
as a revolving inclined 
plane. The different 
makers naturally 
adopt different de- 
signs, but a typical 
construction -is clearly 
shown in Fig. 55, a 
general, view. Fig. 56, 
an elevebtion, and Fig. 
57, a plan. They can 
be run vertically as 
shown, horizontally, 
or at any required 
angle, by modifying 
the bearing to allow 
of suitable lubiication 
for their high speed. 
The motive power 
required is very small, 
and can readily be 
applied by belt, as 
shown, or by direct 
electric motor. They 
are applicable for 
moving volumes of 
air at comparatively 
slow velocities, where there is no resistance to be overcome. 
Their efficiency rapidly decreases as the resistance to the flow 
increases ; it is essential, therefore, if ducts cannot be avoided 
that they should be of ample area relative to the size of the fan. 
Hence propellers are much more suited for ventilating purposes 




FIG. 56.— AIR PKOPELLEB. ELEVATION, 
(llatihewf * Yates, Ltd.) 




FIG. 57. — AIR PROPEIJ^ER. PLAN. 
(Matthews & Yates, Ltd.) 
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than for drying operations, but are sometimes used with the 
exhaust processes. If situated immediately above the point of 
evaporation, and discharging directly through a wall into the 
open they can be used advantageously. They are not capable 
of producing sufficient difference to meet the requirements of 
a full exhaust or of a plenum process plant. 

(2) Centrifugal Fans. — The CervtHfugal Fan is generally 
known as a/a7i or a blower. As illustrated in Fig. 58, by front 
and side elevation, it consists of a number of blades extending 
radially from the axis. As the flat blades revolve, the air is 
drawn in at the centre, and delivered from the tips of the 
blades in a tangential direction. The steel casing encloses the 




FIG. 68. — OKNTRirUOAL FAN. ELEVATIONS. 
(Matthews * Yates, Ltd.) 

sides and periphery, except in the direction the air is required, 
and so prevents general discharge, and ensures a concentrated 
blast. When the fan is required for exhausting, there is 
generally only one inlet for convenience of connecting the duct, 
while for blowing, an inlet is left on each side to give ample 
supply. In other respects a hlawer and an exhauster are usually 
alike. The modifications of the various makers are more or 
less successful attempts at hicreasing the efiiciency by facili- 
tating the ingress and concentrating the output. 

The Sturtevant Centrifugal Fan illustrated in Fig. 59 is of 
their Multivane type for steel plate casing. This type has 
been specially designed for moving large volumes of air with 
the least expenditure of power, particularly where the resistance 
to the passage of the air is relatively small. From the dis- 



120 nnviNG maciunery and I'liArnoE 

mantled detaiiti it will Ite seen that the wheel of the fan is 
provided with a iniiiiljer of coini)arati\'eIy small vanes round itfl 
circumference instead of having flat !»lades radiating from tlio 
centre as descrilted under Fig. 08. 



The blades curve forward so tliat the concave sides face in 
the direction of rotation. But a more inniortant feature is that 
the hlades are not liat from end to end, Imt each consists of a 
series of pockets approximately spoon-shaped, so that the whole 
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of the width of fan handles its due proportion of air. The case 
and wheel are built of substantial steel plate. Tlie wheel is 
overhung on the shaft, leaving the inlet unobstructed, so 
that pipe connections can be readily attached when required. 
The bearings are long and massive, \yith ring automatic lubri- 
cation. 

The form illustrated in Fig. 60, by back and front view, 
of a fan specially designed for applying to a wall, shows the 
blades increased greatly in number and shortened in length. 
The framework carrying the blades is reduced in section, 
thus allowing the greatest possible space for axial ingress, and 
reducing the obstruction to the flow of the ingoing air to a 
minimum. 

Action. — The centrifugal fan operates through the air, set 
in motion by revolving blades, being delivered tangentially at 
the circumference of the wheel. The removal of the air by 
this centrifugal force tends to cause a vacuum at the axis and 
the external air rushes in, to itself be in turn removed. The 
force of this centrifugal discharge depends on the circum- 
ferential speed of the wheel. With ample inlets the degree 
of vacuum corresponds with the theoretical force, and the 
velocity of the discharge is substantially e(j[ual to the pressure 
when there is ample free outlet. 

Design. — In using the fan as a means to obtain certain 
pressures the Table XX. forms a guide to the speeds and powers 
theoretically necessary to employ. For in order to obtain a 
given pressure in a certain volume it must discharge through a 
free aperture at a fixed velocity. The volume is regulated by the 
size of the outlet aperture for the velocity. The velocity of flow 
is decided by the velocity of the fan tips or the circumferential 
speed of the fan. Hence to increase the pressure at a given outlet 
aperture, it is necessary either to increase the diameter of the 
fan or the speed of revolution, while to increase tlie volume 
at the same pressure it is necessary to increase the width of 
the fan and the outlet aperture. 

Thus a fan can be of small diameter, yet by running at high 
speed produce high pressures and by width move large volumes. 
In practice it is found advisable and economical to strike a 
i6 
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Tabi.e XX.— Velocity Created, Volume Disciiakcjep, 

AND Horse-Power Required 

When air under a given pressure in ounces per square inch is 
allowed to escape into the atmosphere at 50° Fahr. 





Velocity of Air Escaping 


Volume Dis- 






into Atmosphere. 


charged in One 




Pressure, 
Ounces per 






Minute through 
Effective Area 


Horse- Power of 
Air Blast. 


« 




Square Inch. 


In Feet per 
Second. 


In Feet per 


of I Sq. In in 






Minute. 


Cubic Feet. 




I 


30-47 


1,828 


12-69 


0-0004 


k 


43-08 


2,585 


17-95 


0-001 


^t 


52-75 


3,165 


21-98 


0-002 


1 


60-90 


3,654 


25-37 


0003 


'» 


68-07 


4,084 


28-36 


0005 


1 


74-54 


4,473 


31-06 


0-006 




80-50 


4,830 


33-54 


0-008 


O 

1 


86-03 


5,162 


35-85 


0-010 


u 


96-13 


5,768 


40-06 


0-014 


li 


105-25 


6,315 


43-86 


0-020 


i| 


113-64 


6,818 


47-34 


0-023 


2 


121-41 


7,284 


50-59 


0-028 


2i 


128-70 


7,722 


63-63 


0033 


2 


135-59 


8,136 


56-50 


0-039 


2} 


142-14 


8,528 


59-22 


0-044 


3 


148-38 


8,903 


61-83 


0-050 


H 


160-10 


9,606 


66-71 


0-060 


4W 

4 


170-98 


10,259 


71-24 


0-080 


4i 


18116 


10,870 


75-48 


0-09 


5 


190-76 


11,446 


79-48 


0-11 


5i 


199-86 


11,992 


83-24 


0-12 


4f 

6 


208-53 


12,512 


86-89 


0-14 


7 


224-77 


13,486 


93-66 


0-18 


8 


239-80 


14,388 


99-92 


0-22 


9 


253-83 


15,230 


105-76 


0-26 


10 


267-00 


16,020 


111-26 


0-30 


11 


279-70 


16,768 


116-45 


0-36 


12 


291-30 


17,478 


121*38 


0-40 


13 


302-59 


18,155 


12606 


0-46 


14 


313-38 


18,803 


130-57 


0-50 


15 


323-73 


19,424 


134-89 


0-56 


16 


333-68 


20,021 


139-03 


0-61 


17 


343-26 


20,596 


143-03 


0-66 


18 


352-52 


21,151 


146-88 


0-72 


19 


361-46 


21,688 


150-61 


0-78 


20 


370-13 


22,208 


154-22 


0-84 



In the above table the volume is proportional to the velocity. 
The power varies as the cube of the velocity. 
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mean between the diameters and the speed to ohtain any given 
pressure. As larger volumes are required it would be quite 
impracticable to proportion the speed to the diameter. On the 
other hand an excessive diameter for the volume would make 
an impracticable width. Hence each maker fixes his own 
proportion as his experience points and often in accordance 
with the proposed means of motive power, especially so in the 
case of large installations. 

Efficiency. — From the mechanical aspect, as a means of 
moving air the fan is much more efficient than a chimney. As 
previously mentioned, a well-designed chimney, working under 
favourable conditions, produces less than six ten-thousandths 
of the mechanical effect which its heat energy is capable, 
although it acts directly. A fan, however, has to take its 
power indirectly, and at each step of the transmission there 
are losses to its efficiency. 



Table XXI. — Pressure in Inches of Water. 

And corresponding Pressure in Ounces per square inch, with 

Velocities of Air due to Pressures. 



PrcMure per 

Square Inch in 

Inches of 

Water. 


Corresponding 

Pressure 
in Ounces per 
Square Inch. 


Velocity Due 

to the Pressure 

in Feet 

per Minute. 


Pressure per 

Square Inch in 

Inches of 

Water. 


Corresponding 

Pressure 
in Ounces per 
Square Inch. 


Velocity Due 

to the Pressure 

in Feet 

per Minute. 


nHr 


0-01817 


696-78 


f 


0-36340 


3118-38 


T^ 


003634 


987-66 


I 


0-43608 


3416-64 


i 


0-07268 


1393-75 


I 


0-50870 


3690-62 


iV 


0-10902 


1707-00 


1 


0-58140 


3946-17 


i 


0-14536 


1971-30 


11 


0-72670 


4362-62 


f^T 


0-18170 


2204-16 


u 


0-87210 


4836-06 


s 


0-21804 


2414-70 


lif 


1-01740 


5224-98 


i 


0-29072 


2788-74 


2 


1-16280 


6687-58 



Thus taking 1,000 ft. -lb. at the source of energy and allow- 
ing a loss of 90 per cent, for the engine, there are 100 ft.-lb. 
imparted to the fan whose loss may be taken as 50 per cent., 
leaving 50 ft.-lb. for work. Assuming this to have a loss of 
20 per cent, through friction, it still leaves 40 ft.-lb. for useful 
work, that is, 40 out of 1 ,000 or an efficiency of ^^jj as com- 
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pared with the chunney tt^Suit* ^^^^ i^> ^^e fan is over sixty 
times as efficient as the chimney. 

Since each maker decides his own proportion between 
diameter and width, each of necessity should give a list of 
the various speeds necessary to obtain the volume at certain 
pressures. As the design will materially affect the theoretical 
outputs, no useful table can be given for general use. In all 
cases the following general allowances should be made from 
the actual outputs of the special fan as tested with a free 
outlet and unobstructed delivery. 

Allowances for Position. — The actual losses will vary 
according to the position of the fan in the system, but the 
percentages given are ones to cover ordinary applications. 

When applying heat : — 

Deduct 30 per cent, from the volume delivered, 

„ 10 per cent, from the horse-power required. 
Velocity of air through discharge outlet. 55 per cent, greater. 
Pressure per square inch, 140 per cent, greater. 

When forcing draft : — 

Deduct 60 per cent, from volume delivered. 

„ 25 per cent, from horse-power required. 
Velocity of air through discharge outlet, 90 per cent, greater. 
Pressure per square inch, 250 per cent, greater. 

In connection with drying it is especially necessary to have 
ample volume of air, and so it is economical to instal a large 
fan rather than a small one running at high speed, since the 
large fan, though higher in first cost, is continuously less expen- 
sive to run. Where forced draft is also used for generating 
the steam in connection with drying, then pressure is of more 
consideration, and while retaining the large fan a narrower 
width is most suitable. 

Normair Alternating Twin Fan. — ^Where it is required 
to alternately apply air under pressure in order to ensure 
intimate contact, and to abstract the vitiated air with a 
certain degree of exliaust to accelerate vaporisation, a special 
duplex fan has been designed. This apparatus, shown in Fig. 61, 
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is self-contained by one compact l>ase-plate, and consists of two 
centrifugal fans driven by one straigbt l»elt. This l)elt is held 
and guided by a })elt fork controlled by a lever which works in 
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a roller cam. This roller cam is cut to ensure the belt fork 
lever remaining in one x)osition a fixed number of revolutions, it 
then moves it to a second position for a fixed number of revolu- 
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tions, and afterwards into a third position for a fixed number 
of revolutions. Having completed its transit the belt fork lever 
returns to the second position, then to the first, again to the 
second and third, and so on. Wlien the belt fork is in the first 
position it drives the exhaust fan, in the second position it is 
on a loose pulley, in the third position it drives the pressure 
fan. Thus automatically the two fans are driven intermittently 
with a fixed period of rest between each run. Of course the 
cam roller needs to be driven by a small belt from the same 
shaft. 




Root's Blower. — 

A type of fan which 
gives a steady blast 
suitable for plenum 
process of drying is 
illustrated in Fig. 62; 
it is also well suited 
for the pneumatic 
handling of long fibred 
and other material 
mentioned in Chapter 
VII. under " Handling 
Material." It consists 
essentially of two im- 
pellers usually of cast 
iron planed to the 
curves shown in the 
section, enclosed in a 
closely fitting box, 

having top inlet and outlet through base. The drive is prefer- 
ably with single belt and double spur gearing. The spur gearing 
should be enclosed and well oiled. With a well-proportioned 
and carefully manufactured machine this form gives a very even 
pressure, with a large output at slow speed and small power. 
It is i)articularly positive and reliable in action. Fig. 63 
gives a general view of an exhauster built on the same 
principle. 



FIG. 62. — root's blower. SKCrriON. 
(Thwaites Broa, Ltd.) 
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Air Pumps. 

Air or Vacittun Pumps are used for diying in connection 
with the vaeunin process, being an essential feature of siicli 
plant. Having to deal with vapour produced under low 
pressures and low tem- 
peratures, the design and 
manufacture of the pump 
require to be of high 
class. Each maker of 
this type of di-yer has 
his own special design 
generally similar to those 
used on condensing en- 
gines. Usually steam 
driven witli nieclmnically 
acting valves to ensure 
positive control, tliey 
should lie specially re- 
gulated to suit the par- 
ticular size of the 
machine and the 
material, as any failure 
in their action may mean 
waste of the material. 

In Fig. 64 is illus- 
trated tlie Scott Vccimitt 
Pump s|«!cially designed 
for vacuum drying plants 
and to occupy a small 
space. Tlie base - plate 
and framing are one yio. i 

casting of suitable pro- <Qeo.SM.u*8oii. Ud.) 

portions to obtain 

rigidity, the cross-head, which is of the trunk-guide type, 
being formed in the fraining. The air and ateaui cylinders 
are superimposed, their pistons being attached to tlie same 
rod. Both cylindei-a have slide valves actuated by eccentric 
and i-ods from the main crankshaft. 



•7 



130 DRYING MACHINERY AND PRACTICE 

Drying Capacities. 

Determining Factors. — From the preceding statements 
and tables there can lye reckoned the capacity of a given 
quantity of heat units to vaporise water, but these capacities 
are only when the heat is applied under such favourable 
circumstances as in practice are not possible. The actual weight 
of water which a given number of thermal units will evaporate 
depends on many factors, among which may be mentioned (1) 
the nature of the material, (2) the amount of free surface, (3) 
the amount of exposure, (4) the method of application, (5) the 
rapidity of removal of the vapour, (6) the dissipation of lieat 
by surroundings, (7) the temperature, &c. As vaporising is the 
primary step in drying, the same factors will operate, and the 
removal of the vapour becomes of the more vital import since 
the drying only commences on the removal of the vai)Our. 
Hence while heat is the essential preliminary agent in all 
evaporative drying, the abstraction of the vapour is the deciding 
factor in the efficiency of the drying. In all the i)receding 
tables, formuke, and calculations, it nnist be borne in mind that 
capacities are referred to, not results or efticiencies. The results 
obtainable cannot reach these capacities owing to the losses 
mentioned previously, and the results obtained will vary even 
more according to the design and manufacture of the particular 
plant, also to a large extent on the skill with which the plant 
is manipulated. In describing the installations and appliances 
some data for well made and carefully worked plants are given 
which will show the actual amount of the available capacity 
which obtains in good practice. 

Boiler Results.— To heat water at 32** Fahr. to 212*' 
Fahr. requires 212-82 B.Th.U. = 180 B.Th.U., which show on 
a thermometer. To convert this water at 212** Fahr. to 
steam or vapour at 212° Fahr. requires 966 B.Th.U., which 
do not show on a thermometer. 

Therefore the total heat present in steam or vapour at 212" 
Fahr. is 180 + 966 = 1,146 B.Th.U. (Table XXII.). As a first-class 
coal contains more than 14,000 B.Th.l\ to the pound (Table Y.), 

it would appear that 1 lb. of coal should heat .\-.-7r lb. of 

l,14o 

water to steam at 212^ that is 12*2 lb. of steam. 
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But the best boilers in existence would not produce more 
than 10 lb. of steam at 212° Fahr. from 1 lb. of best coal, 
even when the feed water was much higher than 32*" Fahr. 
(In actual practice no water would be used at 32°.) Thus 
in the conversion of the fuel to steam there is a minimum un- 
avoidable lovss of over 25 per cent. But this loss is one of conver- 
sion, and should not be reckoned against the drying efficiency 
when comparing drying installations which use steam as their 
source of heat. Really there is now 1 lb. of steam which con- 
tains 1,146 B.Th.U., although it ha^ taken —^q- = 1,400 B.Th.U. 

or more to produce it, and the only just test for comparison 
of dryers using steam is the amount dried per pound of steam 
used. 

Steam Conversion. — Taking this 1 lb. of steam at 212° 
Fahr. as containing 1,146 B.Th.U. to warm some air. The 
specific heat of dry air is. 0*238, therefore this 1 lb. of steam 
should heat 

^'}^^. lb. = 4,815 lb. of air V Fahr. 
•238 ' 

= 4,815 xl312 cub. ft. of air V Fahr. (taking air at 

62** Fahr. as 13-12 cub. ft. to the pound) 

= 63,173 cub. ft. of air. 

In actual practice, owing to condensation and other losses, 
mentioned p. 102, it is found that this 63,173 cub. ft. becomes 
reduced to about 40,000 cub. ft. as a maximum under the most 
favourable conditions, and with the best type of heater and 
connections. In other words, it takes the 1,146 B.Th.U. con- 
tained in a pound of steam at 212"^ to warm 40,000 cub. ft. of 
air 1°, or 1,000 cub. ft. 40°, say from 62° to 102° Fahr. This 
is a loss incidental to the transmission of the heat from the 
steam to the air, and is really a loss of drying efficiency as 
compared with dryers which do not use steam. 

This 1,000 cub. ft. of dry air at 62° Fahr. on being raised 
to 102° Fahr. increases its vapour capacity from '881 lb. to 
2-997 lb. Therefore it should deal with 2*997 -'881 lb = 21 16 
lb. of vapour. 

If the air remained at the 102° which it enters the drying 
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chamber this would l)e so as it could carry the vapour. 
But in drying, the air has to give up its heat to vaporise the 
moisture before it can al)sorb and carry it. The amount of heat 
which it must give up to vaporise the water is quite in- 
dependent of the type of dryer or the method of drying. It is 
the amount which the vapour will contain as sensible or latent 
heat, and is given in Table XXII. for temperatures from 32° 
to 212". The amount may be fitly called the jn^mlndivc por- 
tion of the heat, as so far as drying is connected it is the 
only part which directly produces any result. Hence it might 
appear that the larger the proportion used in tliis prahictive 
function the greater the efficiency and capacity of the machine. 
This, however, has its limitations, for as the temperature falls 
the vapour capacity of the space becomes less whether air be 
present or not, in fact the moisture cannot evaporate above a 
certain quantity at a given temperature ; so that assuming this 
1,000 cub. ft. used up proihi^tivehj in vaporising half the heat, 

it obtained and took up — ^ — lb. = 1*058 lb. of vapour, thereby 

falling to 82° Fahr. What occurs? A portion of the heat 
is dissipated in warming the material, in radiation and con- 
duction from the dryer, and appliances for handling the material, 
say thus is 10°, which is much lower than ordinary, then the 
temperature is 72°. 

Referring to Table XXII. it will be seen that 1,000 cub. ft. 
of air at 72° can only carry 1*221 lb. of v«ipour, or only 
1-221 --881 lb. = -340 lb., therefore it cannot carry off the 
1*058 lb. supposed to have been vaporised even when fully 
saturated, showing that there is not available the 20° for 
productive drying. In other words, more than 50 per cent, of 
the heat brought into the drying chaml)er is used for other 
purposes than supplying the heat shown as present in the 
vapour by Table XXII. Further, for simplicity it has been taken 
that the 1,000 ft. remained constant, but, of course, the volume 
would vary at each of the temperatures, and with the variance 
the carrying capacity also, as is well illustrated in Table VII. 

From this it will be seen that the capacity of the dryer is 
fixed at lx)th ends by the temperatures. For the temperature 
at the entrance is fixed l)y the nature of the material, and the 
temperature at the outlet is fixed by the carrying capacity, 
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since the higher the temperature the more tlie air can carry ; 
so that for capacity the higher temperatures at entrance and 
exit have the advantage in increased efficiency, and these 
temperatures must be decided by experience of the material 
and working conditions in every case. Then from these 
Table XXII. gives the quantities of heat which must be obtained 
for drying, and the factor for incidental losses must again be 
from experience of the actual type and make of machine. The 
type of machine has much greater weight than might be sup- 
posed even in direct fired kinds, and materials which are not 
thermally sensitive. For instance in actual tests with fine sand 
such as is used on railway and tramway tracks, it has been 
found that a dryer with furnace under a plate-iron floor 
evaporated only 1 lb. of water to 1 lb. of coal, whereas a rotary 
cylinder dryer dealt with the same sand and evaporated 8 J lb. 
of water to 1 lb. of coal including the coal consumed for drying 
the cylinder. From the results stated in tlie other portion 
of this work it will be seen that 3 lb. of water evaporated by 
1 lb. of coal is excellent work when using steam-heated dryers. 
Finally it must be borne in mind tliat the type of machine is 
nearly always determined by the nature and condition of the 
wet material in full relation to the nature of the dried 'product 
which it is desired to obtain. To make any calculations until 
these are determined is futile and waste of time. 
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General Considerations. — With regard to drying operations 
the liandling of the material has to be viewed from several 
aspects. There is first the n/iturc and condition of the material 
and its facilities or disabilities with regard to handling. In 
many cases this is the deciding factor, as the material may 
require the utmost care as in textile fabrics, or may allow of 
any reasonable amount of rough usage as stone, sand, or may 
be improved by thorough agitation and mixing of its component 
particles. 

Even those materials which ap])ear to be incapable of 
damage may l)e depreciated by unsuitable handling; for 
instance, the sharpness may be taken off the saniple of stone, 
which for some purposes is a great disadvantage, e.g., in asphalt. 
Sand may be "floured" instead of gritty. The method of 
handling must be suitable for the material. 

Then the cost aspect raises the question of labour entailed 

in charging, discharging, or during the process of drying. If 

these can be automatically arrangtnl without power, as in some 

louvre stoves, and the material will allow of such, then the 

economy of labour may mean economy in drj'ing costs. Where 

the feed and delivery can be mechanically arranged whether 

the material be handled during the process or not, it may be 

136 
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economical to use the necessary power, wliile in some instances 
the handling may be so used in combination with the feed and 
delivery as to also increase the efficiency of the process, e.g,, 
some cylinders, pans, and stoves. 

The laboitr aspect besides cost brings to view the nature of 
the vapours which are driven off, as these may be obnoxious 
as in fish, faeces, &c., or injurious as in acids, or even deadly 
as in white lead and other chemicals. Here mechanical 
handling is essential, and must be of a nature to control the 
dangerous and objectionable effluvia. 

The amount of surface exposure of the material to facilitate 
intimate contact with the heat medium is also largely con- 
nected to the hajidling either preliminary to or during the 
process. 

The facility for removiTig the vapour by so arranging or 
modifying the position of the material as to assist rather than 
block the air currents, is another aspect of handling which often 
entails skilled labour. 

In regard to fuel economy the handling is prominent, as 
continuous drying saves the losses from cooling and reheating 
in the alternating plans. 

In drying-rooms and kilns besides this heat loss there is 
the strenuous culture of the xoork to be considered, even where 
the vapours may not l)e particularly objectionable, as a hot 
humid atmosphere is always disadvantageous for work. 

There are also the cases to be considered where the drying 
is of such a degree as to suggest a gradiial process in two or 
more steps. Here the extra handling and other costs must be 
balanced by the added value in the finished product. For 
instance, pigments may he partially dried by precipitation 
then filter pressed and afterwards dried by evaporation. Peat 
too has been frozen into a solid brick in order to be broken 
up, then compressed in order to facilitate drying previous to 
disintegration. Laundries usually liydro theii- goods before 
drying them (see Table II.). 

Where goods or materials need water extracted between 
two other processes of manufacture, the handling often l^ecomes 
a very interesting process. In such cases of paper manufacture, 
wool washing and combing, and the electro-deposition of 
metallic ribbons, the handling is so carefully arranged as to 
i8 
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prevent any inteimiption to the processes and forms a continuous 
automatic combination of operations. 

Batch Drying. — The practice of drying a batch or fixed 
charge at once and then removing it to replace by another 
batch is often adopted. 

In filter frames and vacuum filters a convenient quantity of 
the wet material is placed on the filter cloth, and then allowed 
the usual time required by the particular material. Removal 
is followed by replacement of a correspondmg batch. Here 
labour is considerably out of proportion to the amount of 
material dealt with. The old type vacuum filter economises 
the time and increases the efficiency of the drying, but usually 
small quantities are dealt with at high labour costs. The 
material is stationary during the process. 

In the newer types of continuous vacuum filters, such as 
Fig. 9 or Figs. 11 and 12, the handling is automatic and the 
filtration continuous, hence larger outputs and greatly reduced 
labour costs. The product, too, has a wash and double drying 
operation in the one circuit. 

The filter presses have their wet material fed into the 
several chambers, and then the pressure brought upon the 
batch till the operation is complete. The machine is then dis- 
charged and reloaded. By the use of the pumps or montejus 
the feeding is practically labourless, and in the best designed 
machines the removal of the cake is almost automatic. Thus 
time and labour are economised. The material is stationary, 
and only slightly compressed by the pressure. 

Hydro-extractors always work by batch, and necessarily stop 
the machine during loading and unloading ; but the time and 
labour required are but small. The goods or materials rapidly 
revolve but relatively are at rest. 

Centrifugal dry^ers work by batch, but in many instances 
can be charged and discharged without any stoppage or any 
labour except the opening and closing of the necessary feed 
valves. The centrifugal for preliminary drying of molasses 
shown in Fig. 24 is so constructed as to obviate the use of 
valves, and needs no handling to dischargee. The materials are 
rapidly revolved in harmony with the machine, and relatively 
still. 
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OantrieB are eaeentially fixtures for carrying the material, 
which may he treated by fixed charge or continuously as other 
circumstances dictate. When in the open, the gantries are 
generally loaded and unloaded continuously. The materials 
are stationary during the process, and are generally contained 
in some vessel or receptacle to facilitate handling, but in most 
eases the labour is considerable. 

Peat Turf Gantries. — In Fig. 65 is shown a combined 
gantry and tramway especially designed to deal with peat. 



Tlie peat is placed on the pallets, which fit tlie special lifting 
and lowering trucks built for this tyi>e of tramway. When the 
truck is loaded it is passed over the tramway to tlie empty part 
of the gantry, and discliai^es its load by one operation, and then 
is free to be moved away. When the process of dryii^ is com- 
plete, the truck can be led under the pallets, and at one opera- 
tion receives its full load, ready to remove them. The handling 
and consequent lalxmr is thus greatly reduced. Tlie peat and 
pallets remain stationary on the gantry during the process. 
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Mechanical Stirrers. — On drying floors, in most instances, 
the fiited-cliai^e plan is followed, especially when the charge is 
deposited on the floor in a very soaked condition, cij., cement 
slurry, and in such instances an effort is made to ohtaiii an 
equal distribution of the heat over the surface of the floor. 
The creamy semi-liquid material is generally pumped on to the 
floor or allowed to flow down a duct and find its own level. 

Where the material is more granular, or been allowed to 

settle more, as in china clay or Larytes, the material is delivered 

by truck or barrow, and spread by hand labour in varying 

thiokuesaes of layers. The fire end of the floor generally dries 

quicker than the remainder, and so re- 

quent change, thus becoming 

iiuons. In some cases, by 

ig of these less wet materials, 

it can l)e arranged that 

the same truck or barrow 

returns loaded each 

joomey. Tlie labour is 

hei* a big item, and the 

lalHjur is cimtinually over 

and among the vapour and 

lieat. The material is 

iisnally stationaiy during 

the process, hut in some 

instances, e.g., phosphates, 

it is found economically 

(Robert B>h,. Ltd.) necessary to have the 

material turned over one 

or more times. This turning is generally peifiuiiied by spade 

labour, but mechanical hoes are also used especially in the 

case of acids, and where drying is preliminary to roasting or 

calcining. Where the mechanicat hoe or rake is used it is 

sometimes arranged to giadually carry forwaid the material 

to the deli\'ery end of the floor thus making it a continuous 

and automatic process. Generally, however, such cases have 

the floor so enclosed as to l>ecoine a tunnel or oven. 

Figs. 66 and 67 show an ingenious hoe or stirrer e8i>eciaUy 
des^^ed to turn malt or grain automatically and evenly 
throughout the floor, also to automatically reverse itself at 
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each end of the Hoor. The revolviug doiible-eiippetl stirrers 
are self-balancing on four radial arms upon the rotating shaft. 
The shaft and gear are caiTied in a carriage frame running on 
a light track. Tliia enables the malting room to be closed 
throughout the process, and entirely dispenses with manual 
labour in so far aa the stirring is concerned. The turners are 
also used for barley sweating kilns and oat drying kilns. 
They use but little power, J to 2 H.P, according to the size 
of the kiln. 



(RobanBob;, LU.) 

Semi-Automatic Feeding. — Drying pans generally deal 
with soaked materials containing very lai^e percentages of 
water, and so are almost entirely hatch working, lieing semi- 
liquid, the feed is commonly by pump or duct, but the discharge 
generally entails considerable laliour and soon weara out the 
l»an. In some cases, however, as in the one shown in Fig. 82, 
the pan is automatic in its delivery by means of an outlet 
valve in the bottom, while some pans are carried on swivels, 
which allow of the pan being inverted to empty. But the 
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typical pan, e.g., the brine pans, are laborious and slow in their 
removal operations. In order to obtain any reasonable efficiency 
and regularity in the drying, the material in pans should be 
turned over or agitated during the process. 

Dry Sheds as sheds offer equal facility to batch or con- 
tinuous drying, which suits the case, depends on the other 
accessories used in the drying. But usually a shed receives 
and retains its charge till the material is dried, as the addi- 
tional water from fresh, wet materials would tend to delay the 
other drying. 

Kilns generally receive their charge together with the 
required fuel, and when the fuel is consumed the whole is 
allowed to cool ready for discharge, e.g., phosphate kilns. In 
some, however, the fuel is fed and regulated in a furnace under 
or in the kiln, and this allows for more control over the air 
supply and the fuel consumption, e.g., fuller's earth, hop, 
malt, &c. The material is generally stationary either on tlie 
floor or on shelves, but in malt, barley, and other grain kilns 
the material is turned either by manual labour or by mechanical 
turners, as shown in Fig. 66. In these cases, however, the 
kiln becomes more of the nature of a drying oven than a kiln, 
the furnace being quite detached from the space which contains 
the material. 

Drying stoves are generally worked with fixed charges, 
either with the material on shelves or trays to facilitate removal 
to and from the machine. In some cases the material is con- 
tinuously on the move, being fed at the top, and gradually 
falling down over louvres arranged in various ways to give 
frequent contact of the material with the hot gases. Then the 
material is sometimes agitated by stirrers on a rotating shaft, 
while the hot gases pass through, as well as under, the containing 
trough. For materials which will allow of high temperatures 
and are not injured by the products of combustion, this type 
of stove is particularly economical in fuel and labour. The 
danger of overheating and of not allowing sufficient air current 
to carry off the vapour have to be carefully safeguarded against 
in the design and working. 

Continuous Feeding and Discharge. — Drying cylinders 
are essentially continuous in their feeding, drying, and delivery. 
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as will he apparent from the various types described later. The 
iiiaterinh generally gra\'itate from the 9tor^^fe liopper or bin 
down a shoot into tlie receiving end of the cylinder. Where the 



(Erltta'a EoglBCeriDi Co., I.td.) 

materials are suitable, however, a worm feed gives more control 
over the quantity, and eiiaures more regularity (see Fig, 106). 

Wlien the material is in the cylinder the rotation lifts it, 
and as it dmps tends to mo\'e it forward. This woidd slowly 




<ErHI|-* ErglnHring Op., Ltd.) 

deliver the material to the discharge end, hut to increase the 
speed the cylinder is sometimes inclined at abont 1 in 12. 
Ledges or shelves are also affixed to tho inside of the cylinder 
in some instances to increase the lift, anci liy being spiral may 
increase or decrease the rate of discharge. Fig. 99 is an 
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instance of a horizontal cylinder where the material is pro- 
pelled forward by the special arrangement of the blades on the 
inner tul)e. Their angle can be varied to suit special materials 
and speeds. 

The handling in cylinders thus l)ecomes completely auto- 
matic and self-regulating according to the speed of the cylinder, 
besides which the continual moving brings the material re- 
peatedly into intimate contact with the hot current, thus 
increasing the vaporisation and the removal of the vapour. 
A well-designed cylinder offers the most economy in labour 
and fuel obtainable for materials which allow of the treatment. 
In some cases the treatment is particularly lieneficial to the 
materials, as in offal, fish, &c., which gradually disintegrate, and 
])y the time they are discharged form a mealy, dry, and even 

sample. 

Intermittent Progressive 
Feed. — Tunnel drying offers 
every facility for continuous 

Fio. 70. -CAR B(x;iE OF ENDWAY progrcssivc fccdiug, drying, and 

TiMBKR TRUCK. dischargiug. With lumber, 

(Krith's Engineering Co., Ltd.) bricks, &c., the movement is 

intermittent, as the materials 
are placed upon tracks, and the discharge of one truck leaves 
the space for the incoming of another at the receiving end, the 
whole of the loads progressing forward l)y one car length. The 
trucks used for lumber and timlier are of very simple and 
economical design. They consist, as shown in Figs. 68, 69, 70, 
and 71, of truck wheels running in neat ball l)earhigs, and held 
together by channel bars on each side of the wheel cases. Fig. 
68 shows a set of three loaded crossway piling car bogies, 
similar to the single one shown in Fig. 69, while Fig. 71 shows 
a set of four loaded endway piling car bogies similar to the 
single one show^n in Fig. 70. With one of these bogies on each 
rail of the tramway, the lumber or timl)er serve as stretchers, 
and the greater the load the more rigid the structure. By 
placing the timber in spaced layers with distance strips lx?tween, 
the hot air is allowed free and uniform access, thus the drying 
being evenly gradual throughout each portion, no warping or 
cracking is likely to occur. 
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For Bijft lirieks the iiiaterklR are nt» aaaistanee in loading 
the car, wiiicli accortliiigly Ih built u]), as sliowii in Fig. 72, of 
steel channels and angle bars. The angle bars form ledges for the 
pallet boards of bricks to rest upon, anil thus present a strong 
open framework, giving but little obstniction to the heat and 
air currents. The imder-carriage of steel channels, with steel 
axles and truck wheels running in ball bearings, makes a light, 
very strong, and easily propelled vehicle for heavy loads. For 
atiii' bricks which can he "hacked" four or more rows high on 



deck platforms as they leave the press, other types of cars are 
used. By slightly inclining the rails of the tramway thi-ough 
the tunnel towards the <lelivery end, the jwissage of the trucks is 
facilitated, and the stout, solid buffers of the under-carriage teke 
the strain without any jolting of the bricks. 

A bogie truck specially designed to work in coimection with 
peat gantries, but equally convenient for tunnel loading and 
unloading where the materials are on imllets, is illustrated in 
Figs. 73 and 74. Here the under-carriage, lieing built up as 
usual with steel channel bars and having the usual steel axles 
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and wheels running in ball Ijeariiigs, has al)ove it a second frame. 
Tliis frame carries the palletK, and by means of the liand-wheel 
and levers working by screw, can be raised and lowered. When 
being loatled it is lowered. Wlien ready to rnn into position in 



the gantry or tunnel it is raised ; the pallets are thus held just 
ftlrave the supports or lioraes of the gantry. Wlien in position 
the frame is lowered again, leaving the jiallets on the 8upi>orts 
and the carriage free to be removed. After diying, the reverse 
course is followed, tlie truck being lowered when rnn into 
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position under the pallets, and on turning tlie hand-wheel the 
frame rises, carrying upward the pallets free of the supports. 
The carriage being hauled away carries its burden of briclcs on 
the pallets. 

Conveyor Bands. — Tunnels are convenient passages for 
conveyors of various types. Tliese conveyors may carry the 
materials in a state of relative repose on trays or plates, or in 



perforated buckets, through the tunnels, while the hot air per- 
fonns the ojieration of drying. The conveyor is then charged 
in the manner usual for the particular type of conveyor, 
before entering the tunnel, and is dischaiged or automatically 
discharges itself at the delivery end. Thus the tuimel may be 
kept at a uniform heat continuously, either throughout its 
entire length or [irogressively hotter and colder aa the material 
requires. This offers special eeononiical advantages tor nuttcriala 
which do not permit of the usage entailed by a cylinder dryer. 
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but the air contact is more diHiciilt to obtain in sueb an 
intimate and close maimer as with cylinder dryers. The labour 
and hnndling are pi'actically the minimum possible (see Figs. 
80 and 81). 

Paddle Conveyors. — Pa<l<Ue conveying by vyicn spiral or 
by paddle blades on steel shafts can also be economically used 
in tunnel dryers tor material suitable for such treatment This 



method lias the advanta^'e over the Iiand and bucket conveyors 
previously mentioned, of increa.'iiag the contacts of tlie air 
and heat with the material, thus economising time and heat. 
Naturally it takes more ]»ower than the Iwind conveyor, but not 
excessively so, unless the conveyor is of undue lenj^th. Oranular 
materials are usually suitable for this method, but not those 
likely to "cake" or paste np, while there nuist not l>c a large 
amount of water, as this is ossentialiy a method for solids. 
It is i»ossihle to gi-eatly aeei'ierate the vajHirisation by having 
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the heat passed under the trough of the conveyor, either 
in a jacket or free, also by passing the heat through the shaft 
and the blades, as well as over and amongst the moving material. 
It is particularly necessary to ensure that there be a keen air 
current to carry oif the vapour thus generated (see Figs. 151 
and 152). 

Runways. — For goods which require hanging, tunnels allow 
of runways being used to considerable advantage, either on the 
batch or continuous method. These usually consist of the single 
rail type, supported by brackets from the walls or hangers from 
the roof. On the rail runs a light bogie with ball-bearing 
castors, and a hook or other suitable fastener for the material, 
similar to those now in use in abattoira and many works for 
light transportation purposes (see Fig. 76). These generally 
entail a certain amount of labour, but the construction lends 
itself to considerable economy in this respect. 

In some tunnel dryer installations the barrow is still the 
means of transport used, and the goods are placed by hand, and 
after drying hand removed, but this does not obtain the best or 
most economical results from the tunnel construction. 

Manual Labour. — Drying-rooms, in the restricted sense 
applied to rooms for purposes of classification in this work, are 
essentially loaded and unloaded by manual labour. Except for 
temperatures so low as to admit of labourers entering during 
the process, they are necessarily worked by the batch or fixed 
charge, but even for low temperatures they are usually batch 
working. Hence the handling of charging and discharging is 
mostly manual or by barrow, and the material is generally 
stationary during the process. Large and awkward goods to 
mechanically handle are more appropriate to this procedure, 
and in some measure counterbalance the extra labour, and the 
objectionable nature of the labour, besides the loss of time and 
fuel necessarily arising from the method. 

Dry-Horses. — Drying ovens offer all the facilities for 
handling mentioned under tunnels, together with the advantage 
of being more compact and hence less costly to construct and 
to heat. With ovens, removable shelves and trays forming 
practically self-closing drawers may be economically and con- 
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venieiitly used to Immlle the luaterial. Tlie outer casing may 
be constructed in sections and withdrawal in panels. These 
panels may be built up into " horses " or light gantries, as 
shown in Figs. 75 and 76, for laundry and dye-house purposes. 
By the light runway shown at the top of the vertical section the 
whole panel can be reailily withdrawni or closed without inter- 
fering with the remaining sections. In this particular case the 
heating is by steam pipes from below and the vent by a down- 
ward return, hut tliis is irrespective of the luethod of handling, 



(C. BnlUnlte * ion. LM.) 

and the arrangement is capable of an indefinite nuinlier of 
variations to suit the other aspects and re<iuii'einents of drying. 
For instance, a track may be on the floor instead of the I'unway 
and the panel have light running castors under it. In some 
cases the panels are entirely removable, and being inter- 
changeable can be replaced while Iming loaded or unloaded. 

Frame Conveyor. — A form of conveyor used in connec- 
tion with pottery ovens has a vertical shaft rotatable in the 
centre of the oven. On this shaft is a cylindrical framework 
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nearly as large as the room. The framework is built up of 
radial arms from the shaft, and a circumferential series of 
shelves made of wooden laths or strips. The person charging 
this stands at the entrance and takes off the vessels dried and 
replaces them by the moist ones, then rotates the whole frame 
sufficient to bring the next series of shelves opposite the 
entrance and replaces their contents. Again he moves the 
framework round to the next series and so on. As the whole is 
swung on the central vertical shaft and carries a fairly uniform 
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no. 76. — DRY-HORSES ON RUNWAY. SECTIONAL ELEVATION. 

(I. Braithwaite k Son. Ltd.) 

load throughout, it is comparatively easily moved the several 
stages. This considerably lightens the labour and secures 
more regularity in charging or discharging than having 
shelves round the drying-room. Further, it saves loss of 
heat and time, besides obviating the objectionable working in 
the room. 



Safeg^uards. — Autoclaves, as essentially self-closing and 
working under pressure or vacuum, are only suitable for batches. 
Generally a double track of rails is laid in the autoclave for 
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the material, whether tiiiil>er, biicka, &c., to he pasaetl in and 
out on trucks. The entrance is tlien closed and the presenre 
completes the seal, the material remains stationary till the 
drying and other operations are completed. In some instances 
the exit is hy similar sealed doors at the other end, especially 
is this so in those autoclaves used for disinfecting, as thu8 the 
diBinfeeteil goods rnn no risk of being contaminated hy contact 
with the infected goods or infected atmosphere (see Fig. 111). 

Desiccating dryers are worked hy batch or continuous 
according to the material and the conveniences of the particular 
method. For instance, the vacuum desiccator illustrated in 



Fig. 162, by a eai-eful adjustment of the feed and delivery valves, 
works with a continuous inflow of the liquid and a steaily out- 
put of desiccated powder. Necessarily the details of the glands 
around the revolving shafts have received tlie consideration of 
the designer and the utmost care of the manufacturer. 

A mechanical valve for this purpose is illustrated in Fig 77. 
This consists of a drum rotating rounil a central spindle, and 
providetl with two or more pockets. The faces of the drum arc 
faced and scraped true to avoid any leakage of air into the 
vacuum apparatus. The rotary valve is put in motion by a belt 
usually from the vacuum pump of the dryer. 
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Dip Feed. — In a desiccator for niilk and similar liquids a 
continuous action is maintained in the following simple but 
effective manner. The liquid is kept uniformly level in a 
shallow pan, while a revolving hollow cylinder just passes deep 
enough into the liquid to have its periphery wetted. As the 
cylinder continues its revolution, the wetted portion becomes 
dry by evaporation, as there is steam inside the cylinder. The 
cylinder being of considerable circumference, the liquid is dried 
and desiccated into comparatively loose powder before the same 
portion of the periphery reaches the containing vessel to be 
again wetted. At the stage of its revolution where the dried 
material has attained tlie dryness required, it meets a wiper or 
scraper which guides it away to a proper receptacle. Tliis 
machine gives an effective desiccation of delicate materials with 
the minimum of handling or risk of contamination or loss. At 
the same time, if the volatile matter is of value it can be readily 
withdrawn and condensed in a coil. Similar method of feed is 
used in the Wilfley Dewaterer (see Fig. 9), and in a somewhat 
modified form by a feed roller which dips into the supply of 
many other machines. 

Panelled Racks on Double Track. — Fig. 78 shows a 
type of panelled rack specially designed to deal with yarn on 
reels or swifts, but adaptable for similar purposes. Here the 
rack is on a double track laid in the fioor, for carrying heavy 
loads, and has large runner wheels. As each end of the rack 
closes the aperture in the drying oven or closet, there is no 
loss of hot air while loading and unloading. The working can be 
continuous or batch, as preferred. The usual heat supply is by 
the heated air through a special distributor pipe (see Fig. 51) 
at the top of the oven, under pressure, and the moisture is 
driven out at the bottom. 

Superimposed Band Conveyors. — Conveyors are very 
adaptable means of handling many kinds of materials while 
drying, as they offer great facility for applying the heat and 
removing the vapour as well as automatically transporting the 
materials or goods during the process. They can handle most 
delicate materials or the weightiest by modifying the shape or 
character of the carrying medium, of which several instances 

20 
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appear among the installations described, especially in tunnel 
dryers. 

The illustrations (Figs. 79 and 80) giv^e a typical instance of 
the economy of space which can be obtained by conveyor, and 
the " lofty " nature of the handling they give to wool or other 
fibrous material. 

The three superimposed conveyors are each endless canvas 




FIG. 79. — BAND CONVEYOR DRYER. TRANSVERSE SECTION. 

(W. Summencalei k Son, Ltd.) 

webbing running over light metal rollers, thus requiring the 
minimum power, and i)roducing practically no friction. The 
material automatically delivered by the feed roller on to the 
top conveyor is airily transmitted without any pressure through 
the lieated air current, and lightly dropped on to the second 
conveyor, which transmits, and in due course delivers, to the 
third conveyor. 



L 



The third conveyor 
drops it into a hopper 
wliich i8 aspirated in a 
manner to antoniatically 
carry the wool or other 
material from the dryer 
to wherever it may be 
required. This design 
of aspirating conveyor is 
illustrated in Figs, ll'/ 
and 118, and further , 
described on page 206, 
in connection with a 
dryer using this action 
dnring the process. 

For piece goods 
which need stretching 
while drying the Ih-yivg 

and Siretekiiu/ machine | g 

(Fig. 81) shows a simple | 

automatic continuous ^ 

method of handling. A % 

stout cast ■ iron frame- S 

work has an endless | 

chain along opposite | 

sides. The two chains g 

have pins or spikes d 

which attach to the 
selvages of the piece, 
and while drawing them 
along also hold them 
taut. When passing tlie 
first portion of the 
traverse the cloth is 
simultaneously stretched 
and damped somewhat 
by steam. During the 
remainder of the passage 
the piece is held tant, 
and a strong heat is 
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applied by gas jets on the under side. Thus the cloth is 
dried rapidly with a " feel " on one side and evenly stretched 
throughout its width and length. It will l)e seen that the 
machine is telt driven through step pulleys, allowing of several 
speeds of transit to suit various cloths. The endless chains 
pass over the usual terminal rollers and carrying rollers on 
the lower side. The cloth is guided into the machine and 
pressed on to the pins of the chains by small indiarubber 
covered rollers or brushes. The delivery of the cloth in layers 
or folds is performed by the plaiting arrangement worked to 
and fro by a crank motion. The steaming attachment can be 
seen in dotted outline at the receiving end, while the gassing 
gear is visible nearer the delivery. 

A simple and effective method of handling hanks of yam 
when passing through a roller or cylinder dryer is shown in 
Fig. 110. The hanks are connected into a series of continuous 
bands. The end of each hank is connected by means of an 
improved brass coupling link to the end of the succeeding one, 
thus forming a built-up band. The links keep the yarn even 
and readily pass round the cylinders in a uniform manner. 

From the various instances given above, and others which 
are described under the installations, it will become apparent to 
the student that the factor in handling of materials is the 
nature and condition of the material itself. Thus in all its 
aspects as to heating, vaporising, abstracting the vapour, and 
handling the material, there is the same factor to consider as 
the basis of working. Hence the vital importance of having a 
complete knowledge of the idiosyncrasies of th^ material before 
fixing on a method of drying. It has to be borne in mind that 
the idiosyncrasies in the same material differ in kind and degree 
with almost every variation of w^etness and temperature, while 
they generally become most prominent and sensitive as the 
final stages of drying proceed. They must be viewed from 
all points and at all stages, if a successful method is to be 
chosen. Afterwards the machinery to carry out this method 
should receive consideration with due regard to cost, economy 
of labour, fuel, and time. 
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Classification. — There are so many types of drying plants, and 
such a variety of those types, that for convenience of classifica- 
tion and remembrance the following arbitrary classification has 
been made so far as regards the appliances and installations 
here described. The idea underlying this classification is to 
difTerentiate the various installations working on evaporative 
principles according to their essential and characteristic 
features. 

1. Drying Floor: used in those cases where the material 
remains on the floor during the drying processes. 

2. Di^yiiuf Gantnj : used where during the drying processes 
the material is supported on an open framework (whether in 
vessels or not). 

3. Ih-ying Shed: used in the restricted sense of being a 
covered space open to tlie natural air currents of the surround- 
ing atmosphere as contrasted with drying-rooms. 

4. Drying Pan: a metal vessel with open top or air inlet 
allowing the aqueous vapour free egress to the surrounding 
atmosphere. 

5. Dinjing Kiln: a building containing a furnace or com- 

«57 
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bustion chamber, the direct heat of wliich dries material in 
the same chamber. 

6. Dryiiuj Stove : a combustion chamber or furnace in which 
the material is dried, but is a vessel or receptacle, and so remov- 
able as contrasted with a kiln. 

7. Biying Cylinder : wlien the drying portion of the appa- 
ratus is essentially cylindrical for facility in revolving. It is not 
used where a stationary dryer of any kind is merely cylindrical 
in form. 

8. Dmjing Tuiuiel: restricted to those installations where 
the material passes through a building on trucks or conveyors 
during the process of drying. 

9. Drying Room : an enclosed chamber (as contrasted with 
shed) in which there is no furnace, and into w^hich it is necessary 
to enter in placing or displacing the material to be dried (as 
contrasted with ovens). 

10. Drying Oven: an enclosed chamber or receptacle in 
which there is no furnace, and in which it is not necessary to 
enter in order to place or remove the material to l)e dried. 

11. Desiecatoi' : a drying machine in which the process is 
continued to such a degree as to abstract all the water in the 
substance which is not actually chemically combined in its 
molecules. 

12. Autoclave: a vessel which performs drying as part of 
the process of other operations under pressure or vacuum. 

Data to Send when Inquiring. — From the facts now 
examined, it is quite evident that choosing a suitable diyer 
demands a full consideration of all the surrounding circum- 
stances as well as an intimate knowledge of the material itself. 
When communicating with the makers of drying machinery 
it will save time and correspondence to send the following 
particulars : — 

1. As to the material. 

a. The nature as to the heat permissible. 
6. The condition when put into the dryer whether in 
liquid, semi -liquid, or solid state. 

c. If solid, the sizes and weights of the portions. 

d. The amount of wet material to l)e dried per day. 
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€, The amount of water to be removed. 

/. The condition desired to be obtained. If it be possible, 

send samples of the wet and the dry material; 

put them in air-tight and water-tight boxes. 
g. Any special risk which has to be avoided. 
h. Would products of combustion be injurious to the 

material, say from coal, coke, oil, or gas furnace ? 

2. As to the facilities available. 

a. A sketch plan showing outline of the present build- 
ing, the engine, boiler, and motive power where 
any exist. 

h. The amount of live or exhaust steam available, and 
the steam pressure. 

c. The motive power, kind and amount available. 

The inquiry forms given below are particularly convenient 
for their respective purposes, and are those published by the 
Erith s Engineering Co., Ltd. 

When incjuiring for Timber Drying Plants — 

1. What (quantity of wood do you want to dry daily ? 

2. Will you work the dryer night and day, or in the daytime 
only ? 

3. Give full description of wood or woods. 

4. Is the wood green from the saw, or partly air- dried ? 

5. Wliat is the usual thickness and length of boards, deals, 
staves, &c. ? 

6. Do you wish us to furnish a suitable low-pressure steam 
boiler ? 

7. If exhaust steam is available, give approximate horse- 
power of the engine. 

8. What is the heating surface of your bculer (or, preferably, 
how much water does it use per hour), and what is the pressure 
carried ? 

9. What fuel will you use for your boiler ? 

10. Send a rough sketch of position available for dryer 
building, showing distance from mill, boiler, &c. 

When inquiring for BHck Dryers — 

1. What make of brick machine do you use ? 

2. What is your daily production ? 
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3. Will the bricks hack up, or must pallets and rack-cars be 
used? 

4. Is your clay porous, plastic, shale, marl, or fire clay ? 

5. Do your bricks crack when subjected to wind and sun ? 

6. State dimensions of green bricks, or other product. 

7. State the weight of a green brick. 

8. State the weight of a dried brick. 

9. Give description and size of your boiler, and state steam 
pressure carried. 

10. Give description and indicated horse-power of your main 
engine. 

11. Will you use exhaust steam in the dryer at daytime, 
and live steam at niglit ; or live steam only ? 

12. Do you desire to use waste heat from kilns ? If so, 
state description, number, and size of kilns. 

13. Send a rough sketch showing relative position of brick 
machine, site for dryer, boiler, main engine, and kihis. 

Drying Floors. 

Natural Floors have the advantage of entailing but small 
initial outlay, and requiring slight, if any, repairs. As means of 
drying by evaporation, all the floors have serious disadvantages 
as to heating, removal of the vapour, and handling. The heat 
when from above takes an undue time to permeate the mass, 
and from below has a cooking and caking action. The dis- 
persion of the vapour in the first case is retarded by the cold 
body below, while in the second case it cannot commence till 
the mass is heated through, and even tlien the hottest part is 
not exposed, so all its vapour has to pass through the upper 
material. The handling obviously entails placing upon and 
removing from the floor, but owing to the uneven distribution 
of the heat it also entails the stirring up or turning over of the 
material one or more times if time and fuel are to be saved. 
The cost in space, too, has serious disadvantages where large 
bulks have to be handled and ground expensive. 

Of heating from above, haynwkiiig is a good instance, and 
one in which the disadvantages are apparently unavoidable, 
while the sun's heat is free when available. Haymaking is also 
a good illustration of the governing principle of all drying 
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installations, which is that the material governs the method of 
drying, and has to be considered more than mechanical effi- 
ciency. The nature of grass makes haymaking in many ways 
a particularly interesting case of drying. An artificial method 
of haymaking for use in wet summers is described under Drying- 
rooms (Gibb's). 

Bi^k dryinj by the sun's heat on earth floors has doubtless 
always been practiced more or less, but its disadvantages are so 
obvious that no modern brickyard would consider it, even if 
competition would allow. If sheltered from the direct heat 
and carefully placed to ensure even circulation, of course air- 
drying is not so objectionable nor quite so likely to cause 
cracks, but the time taken and the uncertainty of action in our 
climate are serious impediments to its use. 

The loose piling of peat blocJcs to assist the drainage and 
further dry is in extensive use. With propitious weather and 
unlimited time the result is satisfactory and cost small. But 
to compete with coal or other fuel time and handling must be 
curtailed by gantries or other means (see Fig. 65). 

Artificial Floors. — The use of artificial floors warmed by 
the products of combustion from a furnace, by hot gases, live 
steam, or exhaust steam passing in flues or pipes beneath, is a 
considerable step on tlie above. These floors are in much 
wider use mainly because of the small hiitial outlay, the 
simplicity of working, and the absence of any need for motive 
power. Given a good supply of fuel or steam and unstinted 
labour they give a good sample for such materials as china 
clay, barytes, cement slurry, ground calcined quartz, chalk, 
fuller's earth, ground phosphates, &c. These require draining 
as well as drying, and do not readily injure by an excessive or 
irregular heat. 

In constructing these drying floors it is usual to take 
advantage of any convenient sandy or porous ground floor. 
If the natural ground is clayey it is found economical to put 
down a foot or more of sand; this acts as a bad conductor 
of the heat and as a good drain for the water. On this put a 
number of flues formed by side and division walls of brick 
covered by porous tiles. Having a furnace at one end the 
gases pass through the flues and up a chimney at the far end, 
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or when steam is used the pipes pass along the flues. The 
sand and porous tiles in most cases do the bulk of the drying 
by drainage, while the heat completes the process. In either 
case it is necessary to turn over the material to save time and 
heat ; especially is the movement necessary when the material 
is of a cloggy or caking nature. As this is a l>atch process it is 
usual to divide the floor into compartments by division walls 
so that a compartment can be emptied while another is filled. 
In those direct fired, the ends near the tire naturally do their 
work quickest and need extra strong tiles. 

When used at the chiiia clay works the wet material 
generally contains 50 per cent, of water, and the dry product 
should not contain more than 5 per cent. It is usual to dry 
about 10 tons of clay with 1 ton of coal. Locally the floor is 
called a " dry." The material is put on in a 6 to 9 inch layer. 

This type of floor is used for the unground i)hosphate of 
linie in parts of France and Morocco, but the tiles are replaced 
by iron plates and the material frequently shovelled over to 
hasten the operation. Sometimes a mechanical stirrer is used 
where power is available. 

Wet harytes is thrown from the settling tanks as a stiff 
paste with about 25 to 30 per cent, of water on to similar floors 
and left till it is dry enough to cohere sufficient to be cut into 
bricks, when it is removed to the drying kilns. 

Chalk is allowed to remain in the settling tanks till it can 
be just handled. It is then placed on somewhat similar floors 
in peculiar brick-like chunks. When partially dried these 
chunks are stored on a rough gantry to air dry. 

By the ^vet j^focess of cemeiii manitfadurc the cement slurry 
is pumped in a thick creamy stream containing about 33 per 
cent, water on to floors of cast iron over direct furnaces and 
left in a layer of about 6 in. till quite dry. It cakes to a 
considerable extent but on removal crumbles somewhat. 

The (/round calcined quartz, used as the abradant in some 
of the special polishing soaps, is thus dried. As it discliarges 
from the wet grinding mill it runs down pipes into similar 
floors heated by exhaust steam. The handling is a costly item 
owing to the excessive fineness of the powder. 

Other drying floors are used in kilns, and various mechanical 
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stirrers are adapted for different kinds of material. See under 
Kilns and Methods of Handling Materials. 

Floors per se do not give sufficient surface exposure to get 
efficient vaporisation or dispersion of the vapour. 



Drying Gantries or Racks. 

Purpose. — The purpose of Gantries is increased surface 
exposure, so that the air currents can have access to every 
possible inch of surface. 

Construction. — They assume various forms, as skeleton 
shelves, racks, props, &c., according to the nature and condition 
of the material. They are simply the means of supporting the 
material to the best advantage, and may be quite independent 
in the open or form part of the apparatus of drying kilns, 
drying stoves, drying tunnels, drying rooms, or drying ovens. 

Hot water and steatii pipes are occasionally used as gantries 
or racks for supporting materials while drying, but are only 
permissible when lieating by conduction and for materials 
which are not injured by local application of heat. Generally 
their use as racks is to be avoided as uneconomical and tending 
to produce uneven drying even where distortion or surface 
deterioration do not arise. 

A striking illustration of the efficiency of surface exposure 
on a very frail gantry is that of wet clothes on a line when it 
is freezing. Even when the temperature is so low that the 
water in the clothes freezes into a stiff sheet of ice, the amoimt 
of surface exposure will evaporate all the moisture and the 
clothes become perfectly dry if there be a good stiff wind. 

The sheaves of wheat and other gi*ain, leaning against each 
other when " stooked " in the harvest field, form a temporary 
gantry which greatly accelerates the drying by permitting the 
free circulation of the warm air to all the surface. 

The "Sow'' methvd used at harvesting when the weather 
turns wet makes a useful rack of the loose fence rails (hurdles). 
A doul)le row is sometimes formed with the rails inclined so that 
their tops touch each other, while at the foot they are about 
2 ft. apart. Then the sheaves are built on the sides, so that 
their heads are inwards, thus sheltered from the rain but ex- 
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posed to the winds. Sometiuies a long hollow wooden skeleton 
frame is built teniporaiily for the same purpose. The sheaves 
are in this case placed with their heads inwards, and form their 
own shelter from the rain. They are used chiefly in Scandinavia 
and other northern countries. 

Richmcmd's racks are contrivances by means of which the 
sheaves of damp corn may be stored in thin layers, so arranged 
as to induce the play of air currents, and thus expose the 
sheaves to the drying influence thus created. In the original 
form they are about 100 yds. long by 5 ft. wide, and about 
16 ft. high, built of stout upright straining posts and wii^es 
about 8 in. apart througliout tlie length. The wires form rests 
for the sheaves ; these are laid above each other into a wall-like 
structure, which is covered by a light top. Such a structure 
ofTers great facility of handling and drying. Generally dries its 
load of about 20,000 sheaves in a few days. It can be used 
continuously as the corn is cut, and saves considerable space at 
little first cost. 

A similar construction is sometimes used to form an open 
sited by having two racks at about 20 ft. apart, and putting a 
light galvanised roof over the two racks and intervening space. 
Thus the sheaves form the side walls of the shed, and having 
their heads turned inwards the corn readily dries, while leaving 
a convenient covered slied between. 

In drying peat on the l)og use is made of gantries con- 
structed of wood. These support pallets six tiers high, on 
which are placed in open order the wet bricks of peat. A free 
passage for drainage during " unwatering ** and for the air during 
the drying is thus ensured, while the sun can get ready access 
all round tlie tiers. This method saves much handling, tesides 
increasing the efficiency (see page 139). 

An open gantry of skeleton shelves, built up of wood 
scantling, about I) in. by 3 in., is used to hold the vessels con- 
taining the 2jigm€nts at colour works. This enables the heat 
and air to obtain surface contact with the vessel and the colour, 
thus assisting the evaporation at all points. 

A rack of wood scantlings about IJ in. by 3 in. is used for 
hanging raw ruhbcr sheets and crepe after washing. The rack 
must be well supported about 8 to 10 ft. high, and the laths 
are generally about 6 in. apart. 
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The chalk in rough brick-like chunks is placed on an open 
rack work to dry by air currents when desired in a soft smooth 
condition. Tliis gradual rack process is very slow, and dependent 
on the atmospheric conditions, but users appreciate the absence 
of the " harsh caked " nature of the more rapidly dried. The 
sample is more even throughout, and it has not " cooked." 

Gunpcnvder and other cjrplosives are often "sun-dried" or 
" air-dried " on wooden frames, over which are spread out canvas 
sheets similar to filter cloths. The sample is much more friable 
than that more rapidly dried. The rapid drying of these 
mixtures has a tendency to cause a partial separation, as the 
nitre is caiTied to the surface and tends to cake over. Channels 
and cracks are made in the grains, impairing their density, 
increasing their bulk, and rendering them more hygroscopic. 
The dust forms a larger percentage than when dried more 
slowly. 

In steel works, after the crucibles are moulded, they are 
placed on light gantries of wood in the cellars, where the 
furnaces get their draught. They remain about three days in 
this gradual drying chamber, and are then removed to a gantry 
of light shelves over the top of the furnaces. Being placed 
about 8 to 10 ft. al)Ove the furnace, they are not subject to 
any great heat, but a gradual thorough drying for about four 
more days. The crucibles are then uniformly dried and slightly 
heated throughout their substance, ready for putting into the 
ovens to be finally baked. 

Racks are used in many ways for the drying of bricks and 
clayware, generally in connection with pallets. For instance, 
with plastic bricks pallets of wood holding six or eight bricks 
are filled by the moulder. These pallets are plain pieces of 1-in. 
wood wide ei;iough and long enough to hold the bricks with \ in. 
clearance between each brick. Strips are placed at the end, so 
that the pallets can rest on each other without crushing the 
bricks. 

The loaded pallets are placed on barrows or trucks to trans- 
port them to be dried and afterwards to the burning kilns. 
The trucks are generally of the type shown in Fig. 72. Where 
the framework forms a rack for the pallets and where tunnel 
dryers are used, no further handling is needed, although in 
some cases the trucks are so constructed that they deliver the 
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pallets on to racks in the so-called tunnel dryers. This 
metliod lessens the number of trucks necessary, and saves the 
heat absorbed in wanning the truck, but entails more lalwur 
than where the trucks remain in the tunnel. 

The loaded pallets are sometimes simply placed one above 
another, and left to dry by aeration under sheds with or without 
any additional heat. The heat is sometimes supplied from 
steam pipes in a trench of the shed floor and the rack built 
up of the pallets. In this case the pallets are made longer and 
broader to carry a larger load, and the end strips are stouter 
accordingly. The l)ricks, too, are usually placed on end instead 
of on one side. 

In some of the brick sheds racks are built of stout uprights 
with cross-bars and on these the pallets are placed in nests 
one al)ove another. This method has l)een much developed 
in connection with wnde hmt cccnwmising sfieds, but the addi- 
tional labour must go far towards absorbing any saving from 
the coal consumption. In fact, such sheds only appear worth 
consideration where fuel is costly and labour cheap. 

The smoke rooms or kilns used in fish-dryhig are also 
instances of built-up gantries or racks, the " spit " being arranged 
on the cross-bars of the standards. 



Drying Sheds. 

Nature and Use. — A roof to keep off the rain and snow 
is an absolute necessity over drying floors and gantries if they 
are not to Ije altogether subject to the weather. This may be 
lightly built of galvanised iron, and for drying purposes the 
more open it is on all sides the better, although some materials 
require to be shielded from light or the direct rays of the sun, 
for instance rubber, leather, &c. 

The slieds covering drying floors, gantries, stoves, and ovens 
are usually much better if built of light open framing than of 
more solid brick construction. The removing of the vapour is 
greatly facilitated and the heat is not lost, having already done 
all the work advisable. To heat up a room for drying and not 
allow the vaporised moisture every facility to escape, is really 
utter waste of fuel. The tendency is then to " cook " the material 
instead of drying it, and it is well to bear in mind that 
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vapour is the greatest possible obstacle to further vaporisation. If 
the roof be louvred at the top it has additional aspirating 
effect and is less likely to sweat from the. extra moisture. 
A shed which merely acts as a protection from the rain and 
snow without any stove is the ideal condition for producing 
" air-dried " material. The increased selling price in some cases 
pays for the time and space required, but whether the quality 
is really any better than a properly designed drying plant 
would produce is open to much doubt. 

These open sheds are used for many purposes, and besides 
being very low in first cost they do produce an excellent sample 
of many goods. The time taken and the uncertainty, owing to 
the varying humidity of the surrounding atmosphere, are great 
disadvantages, as is also the liability of contamination of the 
material from smuts, dust, and mildew in the air. 

China clay and ochre in the quarry state are thus deprived 
of their quarry water by being piled in open sheds. The 
roughly cubical clods, as dug, are loosely piled as open as possible 
to allow the air to pass through the mass. This dries them 
quite sufficiently for grinding. 

In the drier atmosphere of Chili such open sheds are 
sufficient for the drying off of the nitrate of soda ci^jstals 
without any artificial assistance. 

Bricks stacked in piles with hit and miss spacing are often 
thus dried without any firing in the shed, but it is much more 
usual and expeditious to have a drying floor under the shed, 
besides giving more uniform results. 

Drying Pans and Troughs. 

Purpose, &c. — Drying pans are really very useful appliances 
for partial drying of "soaked" and "wet" material, but are 
usually badly designed and worse handled. Pans generally 
work on the batch principle, which entails extra handling and 
loss of time to empty, but they need not. The most ancient 
commercial use, and the one generally associated with pans, is 
in the evaporating of the salt briiu. But this is not by any 
means a sample of pans well applied to their purpose. Tliey 
occupy large space, are heavy on the fuel, give off objectionable 
gases, and the wear and tear is very great from the corrosion. 
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The finer the salt tlie heavier the coal liill and the heavier the 
repairs. 

A usual sait pan is ohiong, with GOO to 1,000 ft. of surface 
and about 12 to 16 ft. deep. Under it are three or more fires, 
and it stands in its own shed. The firing fines and chimney 
are arranged as in drj'ing floors, i.t., the furnace is at one end, 
the tlues pass under the whole length, and the chimney is built 
at the far end. 

Shallow flat eartheiumre ywHS are used in the colour tratle, 
and when carefully arranged on gantries in proj^rly lieated 
and ventilated rooms they are very i-eliable and etticieiit. The 
plan of placing them on each other over a hot floor and pro- 
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viding no means for plenty of air is costly in fuel, wasteful 
of time, and unnecessarily laborious. 

These pUjmcnt puns are also used in drying ovens of the 
alternating shelf tyi>e, which give more economical results with 
less sjMice and less laWur. 

Scmi-vijllmlricid iron jmnn lieated from below liy fnmaee or 
by steam, and having the wet material stirred mechanically 
with a revolving grid, give good results witli soft materials, 
especially powders. The top is open to the atmosphere and the 
evaporation is very rapid, but the power rcciuii-ed is rather 
heavy when the material is in the intermediate semi-dry state. 

The " Johnxluw " Pun Dry:!-, as shown in the general view, 
Fig, 82, and vertical section, Fig. 8^, consists essentially of a 
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stationary steam -jacketed pan with slow moving scrapers or 
stirrers to continually ajfitate the material liy sweeping roimd 
the bottom and sides. It has an outlet through the bottom 
with vah'e for automatic discharge, and inlet for air and outlet 
for saturated air are at top. The stirrers are generally as shown, 
but vary to suit material. The vertical shaft working the 
stirrers may lie <lriven either by the worm gear or the spur 
gearing, aa the motion is alow and small in amount. The top 
access and Itottom outlet allow of the machine, although working 
on the batch principle, to be filial or emptied while running 
without manual labour or risk. The agitation of tlie material 
and the jacketing of the jtan tend to economise the heat, and the 
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f would be dependent on the proportion of water 
much more than in a pan with the material stagnant. 

The machines are intended to deal with semi-liquids and 
dry them to powder. For instance, the 8-ft. size with a pan 
20 in. deep and 85 cub, ft. capacity, would accommodate from 
20 to 40 cwt. of fish or blood with about 75 [>er cent, moisture. 
In about eight hours the machine would reduce this material 
to a dry inoffensive powder, with al>out 10 to 12 per cent, 
moisture, and discharge automatically without any handling. 
The fan in the meantime is carrying away the moisture for 
disposal according to its character; for instance, with excreta, 
offal, condemned meat, or other animal matter, it can jiass 
through a condenser and eliminate all effluvia. Such machines 
can he conveniently used fi)r distillery wash, thus producing a 
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meal siiitalile for feeding while acMiked, damaged grain is readily 
improved in condition. 

The " NrwhttU " Coiimyor Trow/h Dryer ia a type of truiighed 
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pan used for granulated angar and similar pnrposes. Tlie steel 
plate pan is a deep trongh with removable covers, and part air- 
jacketed. The conveyor haa a hollow tiilie and hollow paddles, 
into and through which steain 
passes. The air is forced into 
the !x)ttoni of the material 
trough ttirongh the air jacket, 
and imssing out by a lai^re pipe 
into a stive room to drop its 
fine sugar, and thence out- 
wards. The material is fal 
into the hot end, and auto- 
matically transniittt'd by the 
paddles to the outlet at the 
]>ottoni and cool end, thus 
liaving ample and intimate 
contact with the heat, and 
a plentifid anjiply of air to 
carry off the vapour, as will 
lie seen in Fig. S4a, a general 
view showing the slow worm gear drive, and Fig. 84», a 
section showing the hollow shaft and pa(ldU>s and the partial 
air jacket. 

A machine to evai»orate moisture and volatile matter in 
soft, plastic, or tough masses, while lieing kneadetl and mixed, 
ia illustrated in Fig. 8"), the " Unm-rsiil" Vneuinn Kiifmiiiu/ 
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antl Miring MacMw. This machine consists of a trough, which 
is of cast iron, provided with a jacket suitable for Keating by 
steam (up to 105 lb. per sq. in.) or cooling by water. In the 



trough are revolving kneading blades, which have bearings 
fitted witti patent removable stuffing boxes so constructed tliat 
no lubricating oil can find its way into the material under 
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treatment. Over tlie trough is a pyramidal cast-iron cover, 
which is provided with thumb-screws and packing to secure 
an air-tight joint. As shown in Fig. 85, it is in position for 
working, but to operate requires the connections made with 
the condenser and pump. 

Fig. 86 shows a complete plant with the trough a un- 
covered and tilted for automatic discharge of the batch. This 
plant is only of small size, but illustrates the essentials of the 
accessory apparatus to the large size trough shown in Fig. 85. 
The primary condenser b has a set of tubes surrounded by a 
cold water current, while in the secondary condenser D ice 
or a freezing mixture is used. The pump c is of the dry air 
valve type on stand, and belt driven. 

Tlie troughs are made of various standard sizes, from 
8 gals, to 550 gals, capacity. It will be seen that the process 
is a batch one, the given ([uantity being placed into the trough, 
the cover lowered by the counterweight, all connections made, 
and the pump sUirted. Steam being turned on, all proceeds 
automatically till the batch is uniformly dried to the required 
consistency, when the cover is raised and the trough tilted to 
empty. To allow of extra inspection, observation windows are 
fitted in the cover, and through these any desired additional 
ingredients may be passed. 
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Characteristics. — Kiln is one of the terms used very vaguely 
for many different types of apparatus, and for a number of 
different purposes, but is here used only where the products of 
combustion pass among the material in a building used for 
drying. A typical case is the old-fashioned hop kiln, where 
the fire was and is built in the ground floor. The heated air 
and the whole products of combustion passed upwards through 
the hop floor and hops into the cowl top. This has had many 
improvements, one of which is illustrated under Drying-rooms, 
Fig. 128. 

A linie kiln is a type of the kiln which, as mainly used for 
causing a chemical change, does not come within the scope of 
the present }x>ok. Many of the kilns used for calcining, roast- 
ing, &c., are also used for drying, and have been developed to a 
high degree of efficiency. 

As the direct heat is used, kilns are not suitable where care- 
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ful graduation of heat or low temperatures are required, while 
si^ the products of combustion mingle with the material, the 
fuel must Ije suitable, and it deliars their use for all substances 
which are required pure. The saving of he it by the walls of the 
kilns is in most cases the main consideration, but is often quite 
counterbalanced by the want of proper exits for the vapour. 

In treating 2)^^osphate of lime a crude kibi is made in South 
Carolina and elsewhere in plain brick rectangular buildings 
covered with wood roofs. The floor is piled with wood and the 
phosphate placed upon it. Flues admit air for combustion and 
circulation. Such a kiln will burn about two to five days, and 
dry 1,000 to 1,200 tons ready for export. This is doubtless a 
simple process, entailing a small initial outlay, but the lal)our 
is heavy, and unnecessarily objectionable. Still, with cheap 
labour and a hardy material it deals with large quantities at a 
low cost. 

A usual type of kiln for fullers earth and clays in chunks is 
an improvement on the alx)ve, in that the heat is more under 
control, and the ashes do not get mixed with the material. In 
form it is like a tunnel with partly oi)en top, although some- 
times it is built with ordinary vertical walls and timter or slab 
roof. The furnace is built in a trench of plain bars of iron, and 
tlie coal or coke placed on them and fired. The chunks of clay 
are placed on shelves made of wire meshing or perforated plates. 
These slielves extend one above another on each side of the 
kiln, and the top one riglit across like a false floor. This is an 
effective dryer, fairly economical of coal, but working by batch. 
The labour of placing and removing the clay or fuller's eartli 
in the atmosphere of the kiln is laborious, and unnecessarily 
objectionable. 

An improved kiln of this type is used for the purer qualities 
of fuller's earth suitable for domestic purposes. In this the 
form is more like a hop kiln, with the furnace, however, much 
closer to the perforated floor, and with floor tiles of thick fire- 
clay to withstand the heat. This method allows of a more 
careful watching and partial continuous use. The labour is 
less and not so objectionable. 

In similar kilns to the usual fuller's earth the eakrs of 
harytes and of chalk (whiting) are placed tis removed from the 
floors. Some of the kilns have a huge cast-iron globular vessel 
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in the middle of the kiln, called a balloon^ to retain the heat 
and thus increase -the efficiency. The cakes are placed on iron 
racks and usually take twenty-four to forty-eight hours to dry. 

Many of the rotary dryers described under Cylinders are of 
the kiln type, and in many cases the makers have called them 
kilns even where they form no essential part of the building 
fabric. 

A kiln, called Brunton, used for drying phosphate of lime, 
coal for briquettes, and similar materials which require con- 
siderable heat but not to be calcined, is quite of a distinct type. 

The Bruiiton Rotating Bed Di*yer^ also extensively used as 
a roaster and calciner, is only suitable for materials which will 
allow of close direct firing. Essentially it consists of a rotating 
iron circular l>ed on a vertical driving shaft, covered by a 
fire-brick arch in whicli are fixed blades to stir the material 
while drj'ing. The two elevations. Figs. 87a and 87b, show the 
construction. 

The bed is generally about 15 ft. diameter of stout cast iron, 
and rotates slowly according to the material it carries. 

The vertical shaft requires to be of stout steel carried in a 
substantial footstep bearing, and may be driven either by bevel 
or worm gearing. The covering arch serves to retain the heat 
and to support the stationary bars which have iron flukes or 
blades attached at varying angles to agitate and slowly move 
outwards the material on the bed, thus automatically dis- 
charging it when dry. The feed hopper is central with the 
bed in the illustration but is sometimes slightly on one side 
to allow the vertical shaft to project through and get a steady 
top bearing. There are two fireplaces so situated that their 
heat and product of combustion all pass over the bed plate 
before entering the flues. 

The temj)eratures used are generally high, but for suitable 
material the saving of labour in handling and low first cost, 
combined with its durability, fuel economy, and drying efficiency, 
make it a popular form of kiln for ores and coal for briquetting. 
In France a practically similar design is called the BidrU' Kiln. 

Although the wear and tear are naturally low, the coal 
combustion small, and the heating very efficient, as the tempera- 
tures range from 212° to 392° Fahr., the continual stirring 
of the material gives good vaporisation. In those used for 
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briquetting coal the pitch is 
sometimes mixed with the coal, 
and the two dried and mixed in 
this kiln quite satisfactorily as 
tliey leave at about 176° to 203" 
Fahr. 

A kiln which may also be 
used as an effective drying oven 
is the Leusert Comjyartment 
Kiln, This forms a building 
24 ft. high divided by walls into 
compartments. These compart- 
ments contain a number of flat 
vertical metallic tubes which 
have inside metal louvres down 
which the wet material gradu- 
ally gravitates, while being dried 
l)y a well-regulated transverse 
current of hot gases from the 
furnace. 

The Lenn.ox Compartment 
Kiln is a built-up nest of 
drying cells or rooms, but as 
using not only the heat but 
allowing the product of com- 
bustion to pass through them, 
it becomes a true kiln. As will 
be seen from Fig. 88, the sec- 
tional elevation, and Fig. 89, the 
ground plan, the furnace and 
the dryer cells all work on 
induced draught or the exhaust 
process. The heat is generated 
in a brick furnace outside of 
the dryer and having two alter- 
nately used flues. The two 
flues enable the air currents to 

be reversed in direction by opening or closing the respective 

dampers. 

The heated air current on leaving the flue proper passes 
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into a mixing chamber to be diluted fo the required degree 
with cold air to suit the particular material. - 

This prepared air current passes into the top of the firat 
drying cell through the material and out at the foot of the first 
cell into the second cell. The air current then passes through 
the material of the second cell into the top of the third cell. In 
the third cell it repeats the course of the first cell, and so on in 
each odd cell. In the fourth cell it repeats the course of the 
second cell, and so on in each even cell till it reaches the last 
cell where the suction fan withdraws the vitiated air and expels 
it. For material remainhig stationary during the process, this 
kiln offei-s thorough aeration and economical drying as to fuel 
consumption. The placing of the material would vary with its 
size and character, hence is not shown. Its compactness and 
simplicity are striking features, while the alternating of the 
air currents ensures an even sample with regular drying. 

Drying Stoves. 

Characteristics. — As generally used, " stoves " is a term 
having a very wide application, but as related to drying it is 
best restricted to those dryers which, while containing a com- 
bustion chamber or furnace similar to a kiln, yet do not form a 
building or an essential part of the fabric in another building. 
Using direct firing and allowing the fumes to mingle with the 
material they have the same restricted scope as kilns. Their 
initial cost is usually less, the convenience of removal greater. 

A typical compact, self-contained stove called the Hilgrif 
Core Stove is shown in Fig. 90. Here is clearly seen the 
furnace attached to the drying oven. For drying cores in 
iron, steel, and brass foundries it is very convenient and 
economical. The shelves hinge in a manner to prevent loss 
cf heat and practically no space is wasted. In the small 
space of 6 X 4 X 2 ft. it offers five shelves for core drying, which 
can be filled or emptied independently. 

A compact stove in which no power is required consists of 
a series of iTicHned sJielves or louvres, down which the material 
gradually gravitates while exposed to the direct heat of the hot 
gases from a fire below, or the flue gases from a kiln used for 
roasting. This is well suited for materials which will gravitate, 
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e.g., iron ore, linieHtoiie, sand, quartz. Edison has designed a 
stove of similar type, wltich has gear for tilting the shelves to 
assist the gradual fall (sec also Fig. 155). 

A compact apparatus wliieli forms a complete portable 
drying stove is the I'i/tin Hot Air Stove (Fig. 91). It consists 
of a closed box with a tire-resisting lining charged with 25 lb. 
of coke. This Ik)x has a 4-in. inlet for an air blast from an 



(J, W. Jukmu * Ca„ Ltd.) 

ordinary fan, and a 4-in. outlet at the bottom for the hot air. 
The hooks shown are merely for convenience of lifting. The 
coke lighted and the blast started, the ntove can tic left without 
attention on the top of a moulding Ixix for lionra, when it 
can be rechai^ed with 10 to 18 lb. of fresh coke, and again 
left to dry the mould. Its elVeets are approximately those of 
alfout six "devils," usually doing such work and requiring alwnt 
75 lb. of coke each. The temperatures obtaining for this mould 
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drying are 450" to 500° Fahr., and this can be imparted to 
10,000 cub. ft. of air with 25 lb. of coke. A corresponding 
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amount of heat can be supplied at a liigher temperature when 
required. 
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A type of plati; siiivc dryer wlijcli is Boiiietimes built in 
by brickwork 80 substantially as to Irecoiiie a real kiln ia the 
Jiit-bcck, Essentially it consists of a nmiiber of stationary 
}>lalE-likc circular s/ii-Hys, or tables about 12 ft. diameter. 
Tlicy are supported above each aud al»out one foot apart by 
eight columns round tlie circumference and surrounded by plate 
steel casing or brickwork. Thmufjh the centre of these fourteen 



or 80 tables passes a vertical revolving shaft which carries ' 
arms having knives or stirrei's atUuibed. The material is fed 
by a liopper on to the top plate, the knives gradually move 
it over a central hole when it drops on to the second plate. 
llie knives aliove the Beconi! plate gradually move it over a 
similar hole on the periphery of the second plate whence it 
drops to the tliird plate. In ttiis manner it I)as3e8 initoniatically 
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from plate to plate till it is discharged at the bottom, having 
been thoroughly heated and dried by the hot gases from a fire 
at the bottom on one side. As an automatic feeding and 
delivering stove it has great advantages, but tlie direct firing 
limits its application although economical of the fuel. A 
powerful exhaust fan is essential to good working in this and 
the similar dryers heated by steam and hot air pipes described 
under Ovens. With the direct firing they are useful for earthy 
brown coal and similar material, but need careful regulation 
as to firing, esi)ecially as the heat is greatest where the material 
is driest. 

The Gas Eivaymilimj Stove illustrated in Fig. 92 by a general 
view, while primarily designed for drying enamelled or lacquered 
goods, is in a form to accommodate otlier drying by direct gas 
heat. The stove is built up of steel channel frames covered 
with steel plates inside and outside. Between the two casings is 
packed with silicate cotton. This insulation is extended to the 
door also, thus economising heat. The heating is by a series of 
gas jets on the Bunsen burner principle. The vapour removal 
is shown at the top but may be modified to suit material. The 
internal arrangements are, of course, dependent on the particular 
purix)se for which it is being used. This is a convenient 
economical type for heating by steam, hot water, or hot air, in 
which case it comes under the classification of drying-room. 

Drying Cylinders. 

Characteristics. — Under the term of cylinders it is intended 
only to embrace those dryers in which the portion of the ap- 
paratus retaining the material is essentially cylindrical (or 
truncated cones) in order to allow of a rotary motion. The 
fact of a portion of a dryer being cylindrical or conical is not 
the distinguishing feature, but the shape as a means of facili- 
tating the motion. As some are direct fired, some have hot 
gases and steam passed through, while others have steam 
jackets and steam pipes. They offer quite a wide range of 
types, and a still wider range of capabilities for degrees of 
drying, roasting, and calcining. 

For any material which is not injured by constant and 
violent agitation, they offer many advantages and economies. 
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111 their various foniis they 
S call deal with any degree of 

B tliiidity, and reduce to ab- 

" aihitc dryiieea or desiccation. 

I Given suitable material and 

■ the iiecesaarj' power, cylinders 

g will give large automatic 

I delivei-)' of a uniformly dried 

* product with minimum at- 

Z tention and great economy of 

fuel. 

Construction. — A typical 
cylinder diyer is shown by 
Fig. 9;t, in longitudinal ele- 
g -; vation and part section, and 
g 3 Fig. 94 in transverse section. 
M 1^ The essential features are (1) 
I ^ a revolving cylinder rolling 
. § I on (2) the rollers, and (3) 
£ M * shaft to carry the gearing, 
Hal (■*) a funiace, {'>) the hopper 
J ^ ? feed, (6) the shoot delivery, 
E K i (7) a Hue to create a draft 
^ g — and carry away the products 
g of combustion and the vapour. 

S The cylinder is shown as 

rf built up of steel plates with 

jj stout ring outside to form 

S roller path and to form gear. 

It has a thick renewable 
fire-brick lining (this is not 
needed for drying), with pro- 
jections to lift tlie materials. 
It is inclined at al)OUt 1 ft. 
in 12 ft. to the horizontal, 
is about seven times as 
long as its diameter, and 
should revolve about three 
times per minute. Each end 
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is shielded by brickwork to prevent heat losses and allow for 
expansion. The roUera are of cast iron on steel gudgeons in 
pairs at each end. 

The driving shaft is a short indei>endent one with spur 
wheel gearing into the spur ring on the cylinder, and a bevel 
drive from the main shaft. 

The furnace is of the ordinary bar type to be hand stoked, 
built in brick, and overlaid with non-conductor of sand. 

The feed is a steel plate or cast-iron hoppered shoot from 
the top of the flue chamber into the cool end of the cylinder. 

The delivery is a cast-iron shoot from the hot end of the 
cylinder through an arched tunnel for the receiving trucks. 

The flue is here shown with brickwork to cause down draft, 
and may lead to chimney or fan chamber. 

Fig. 95 shows a general view of a very similar dryer and 
gives a fair idea of the massive build of these machines. The 
drive in this case is by longer shaft and spur reduction gear. 
The furnace and flue are well stayed and strengthened, and the 
whole is made as a self-contained machine. These are samples 
of direct positive firing with all the products of combustion 
passing directly into and among the material. They are 
intended for even the highest temperatures as calciners as 
well as dryers, and are in use for both purposes practically 
all over the world, often going under the name of Howell- White 
Calciner. 

Thomsens {^Patent) Rotary Ih-yer, while essentially the same 
kind of machine, is designed on very different lines, as will be 
seen from the sectional longitudinal elevation. Fig. 96, and the 
end view, Fig. 97, together with the transverse elevation, 
Fig. 98. 

The cylinder is of steel plate, but needs no roller path, as it 
is carried on stout gudgeons at each end, and these run in roller 
bearings outside, away from all heat. There is no ring gearing, 
as the drive is by spur gear on to the gudgeon at the feed end. 
No fire-brick liners are shown, as none are needed, and into the 
cylinder casing are fitted a series of external hooded openings 
which alone allow the hot gases to enter the cylinder, though 
they prevent the material from rolling out. The whole cylinder 
is heated externally, and is encased entirely by brickwork to 
ensure the heat storage. By this arrangement the heat is 
24 
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introduced in a more gradual and systematic manner, while no 
intense heat comes in contact with the material. 

The rollers and roller paths are replaced by the gudgeons 
and their special swivelled roller bearing. The shaft for the 
gearing is on the gudgeon at the feed end, and countershaft 
below. 

The furnace is also quite different, there being an under- 
feed stoker to use bituminous slack, although any fuel can be 
used with this type of dryer. With any fuel, however, it 
will be noticed that in addition to the furnace proper there is 
here a built-up double bridged expansion chamber in addition to 
the chamber in which the cylinder revolves. This expansion 
chamber forms a collecting place for all the dust or other 
objectionable parts of the products of combustion. It also 
serves as a reservoir of heat to allow the whole capacity to 
be used in such quantities and at such temperatures as may 
l3e desirable for the particular material, thus obtaining the full 
benefits of complete combustion and complete adjustment of 
supply. 

The feed hopper acts as a hood to the top end of the cylinder 
and also as the flue outlet, but is at the same end as the firing. 

The delivery has a shut-off valve and is at the opposite end 
to the fire and flue. 

The flue is merely a sheet steel chimney, but adjusted and 
regulated by an exhaust fan, thus obt-aining the economies and 
careful regulation only obtainable by mechanical draught. 

The Lennox Horizontal Rotary Dryer presents a self-contained 
machine of this type without any necessary brick building or 
heavy foundations, and has features distinct from those pi-eviously 
described (see Fig. 99). 

The cylinder is of steel plate but not inclined and entirely 
encased by an outer stationary cover of plate steel. The roller 
paths are lighter and at the ends. Inside the cylinder is an 
arrangement of inclined plates on which as the material falls 
it is gradually transmitted to the delivery outlet. There is no 
lining shown or required for drying purposes, 

The cylinder being horizontal and light the rollers only 
require to be of light build and the power absorbed is very 
small. The drive is by wheel on the cylinder and worm with 
plain belt pulley fixed on the delivery end. 
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No furnace is shown, as it is designed to use surplus hot 
gases from a kihi, retort, or ordinary furnace ; if wanted to work 
with independent heat it could readily have any kind of furnace 
attached. The hot gases are conducted along the outside of 
the whole length of the cylinder and then along the whole 
length inside into a steel plate flue. 

The feed is by steel plate hopper with regulating valve into 
the tapered end of the cylinder. The delivery is by shoot in 
the tail end support through holes cut in the cylinder. 

The Argall type of Rotary Dryer is a development of the 
plain cylinder in the direction of ensuring more intimate contact 
of the hot gases with the material by introducing four smaller 
cylinders inside the main rotating cylinder. 

As shown in Fig. 100, all portions of the cylinders, main 
and primary, are shielded by a coating of fire-brick and ganister, 
but for drying purposes these are not necessary, otherwise the 
dryer is built as drawn. 

The main cylinder is of plate steel with stiffening and roller 
rings similar to Figs. 93 and 94. The receiving end is tapered 
to retain the feed. The four inner cylinders are somewhat 
shorter than the main cylinder and are held in position by 
sectional removable frames. The material falls into each of tlie 
inner cylinders in turn, and the rotation together with the 
inclination causes it to be transmitted and delivered through 
the slits shown in the outer cylinder. 

The drive is a frictional one, as the cylinder is weighty, while 
the reduction in speed is by the spur gearing. 

The furnace is in a detached but stationary casing on four 
trolley wheels to allow for expansion and contraction under 
the great heats. There is an automatic feed hopper and self- 
cleaning bars attached to the furnace casing. 

The feed is at the cool end by hopper and shoot through 
the flue chamber. The delivery is into an adjustable hopper 
through the slots in the cylinder. The vent is into a chamber 
and then by the chimney shown as a steel plate one, and hav- 
ing ample convenience for depositing any fine dust or sublimed 
minerals. 

The Orill Four-coinpartineivt Dryer assumes the cylindrical 
form, but is divided into four equal compartments with diagonal 
air passages between them. 
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Each of the cylinder dryers described above is adaptable 
for use with high or moderate temperatures in dealing with 
materials which need them and allow of the agitation. For 
instance, chalk, marl, limestone, or clay at cement works, 
brick, tile, or pottery works; for shale, sand, crushed quartz, 
phosphates, and many kinds of ores and minerals. 

For superphosphates, fish, bones, and other manures, the 
feed is generally at the tiring end of the cylinder in order 
to have the greatest heat while the material is wet and to 
prevent charring the dry powder. A well-designed machine 
of this type will receive large fish direct from the water, and 
by drying and agitating will deliver them at the outlet as a 
dry mealy powder containing less than 10 per cent, moisture, 
and free from smell. 

The Bruckner Dryer while mostly used for roasting is 
adaptable for drying. Essentially it is a batch working 
cylinder revolving on the usual rollers but higher from the 
ground to allow trucks under when discharging. The cylinder 
is tapered at each end, the furnace, being stationary except for 
expansion, has its direct connection with the one end and the 
flue leaves at the other end. The feed is from storage bins 
through a manliole in the periphery of the cylinder and the 
discharge is by the same manhole when reversed. It is intended 
for high temperatures and large loads, for instance, a 6 ft. 
diameter by 12 ft. long cylinder will carry 3 to 4 tons, while 
an 8 ft. 6 in. diameter by 22 ft. long will carry 10 to 15 tons. 

There are a number of variations of these direct fired dryers 
known under the names of their designers or makers, and all 
having some special advantage for their original purpose. Among 
these the Hockin & Ojclmul Dryer or CalciTicr has an inclined 
screw feed and longitudinal ribs of fire-brick or iron extending 
two-thirds of the length of the cylinder. J{mlle*s Dryer has an 
inner truncated cone along which the material is dried and 
transmitted by spiral blades attached to the sides of the cone. 
When the material reaches the fire end it drops through some 
slots into an outer shell which has also attached spiral blades 
to convey the material back and during transit allow it to 
cool down. In the Cuiiwier Cyliruler Dryer the hot gases from 
the furnace are drawn by an exhaust fan around the inclined 
cylinder, and afterwards through it. Internal longitudinal 
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blades lift the material and allow it to fall through the hot 
gases. MiAdleton ifc Yeadon's Cylinder Ih-ycr has a double 
furnace under the central jHirtion of the cylinder, and the hot 
gases are conducted round the cylinder by a easing with a 
double or ulternate outlet. Thus the gases may 1« led away 
into the" tine direct or back into the cylinder from the delivery 
end, and thence down near the feed end into a secondary Hue. 
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The cylinder is horizontal and has six spiral blades attached to 
the inside for lifting and transmitting the material. 

All the cylindijr dryers so far tloscril>ed are automatic in 
their feed and delivery, and continuous in their action. Henee 
tliey require their transiwrting gear to accord with their 
eyliiuler length and their drying capacity. Otherwise the 
material will be delivered lietore pro(terly dried, or retained 
beyond the time necessary. It follows that if tlie wet material 
differs considerably in its wetness when of the same kind, it 
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will not produce an equally dried sample as finished product. 
If the nature of tlie wet materials is different, an even greater 
variation may arise. Thus to accommodate a variety of 
materials, the cylinder should be adjustable. With megass 
and similar vegetable products, however, the same consignment 
may vary considerably, and this indicates the advantage of a 
Ijateh working. In Fig. 101 is an illustration of a batch working 
cylinder dryer, the most striking features of which are its com- 
pactness and the distributor plate marked c. This distributor 
plate retains the wet material in the sections and f^ainst the 
cylinder nmeh longer than is usual in cylinder dryers. This 




(Hutovt, AUIott, k Oo., Ltd.) (Hanlove, Alllott, A Co., Ud.) 

secures longer contact and more thorough cascading of the 
material as it falls back over the disii-ibvior plate. 

When the megass or other material is dry, the distributor 
plate can be swivelled round to cover over the bottom sections 
of the cylinder interior, and thus as the cylinder revolves it will 
dischai^e its entire load on to the distributor plate ready tor 
raking out. In other respects the Jotu-s Cylindn- Di-yer is of 
a typical belt-driven type. Keduction of speed is by cross spur 
gear D. The interior of the cylinder is divided into sections at 
the periphery by plates B, against which the distributor plate C 
retains the material. A shows the hopper and slioot for feed, 
E the discharge truck and F F tlie furnace and tiues, h the 
arched-over brickwork for heat economy. The liot gases do not 
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enter the cylinder, and all the drying is by the heat conducted 
through the plates of the cylinder. 

Steam Heated Cylinders. — The cylinder dryers are very 
adaptable for heating by steam and thus meeting the require- 
ments of other materials, such as sugar, soda, salt, filter pressed 
distillers' grains, filter pressed waste from starch works and 
slaughter-houses, cocoa, coffee, and other berries and crystalline 
substances. They should, however, not be over wet, say 25 
to 30 per cent, moisture. Steam cylinders can be arranged 
to deal with the more wet materials, but other types are 
more generally economical, for instance pans. 

The Combination Jiofary Dryer 
shown in Fig. 105 gives a general 
perspective of a typical steam 
cylinder dryer, the essentials being 
(1) the cylinder, (2) the roller and 
paths, (3) the driving gear, (4) the 
steam heating gear. The sectional 
Figs. 102, 103, and 104 show in cross 
section the relative position of the 
steam gear to the cylinder, while 
the general arrangement (Fig. 106) 
shows how the machine is erected 
in connection with other tackle for 
sugar granulating. 

The cylinder in each case is 
of steel plate and has on its inner 
surface a series of shelves or blades, which, besides lifting, 
also help to transmit and agitate the material. In the " New- 
hall" type (Fig. 102) the cylinder has a steam jacket over its 
entire length, while in the " Hersey " (Fig. 103) there is an inner 
suspended steam cylinder, and the two are united in the " Com- 
bination" (Fig. 104). These jackets or cylinders are in each 
case connected by exhaust or live steam supply and with a 
steam trap at the outlet. 

The rollers and roller paths are similar to those of the 
direct fired, but are here shown having a swivelling adjustment 
to allow for any wear in themselves or the gear drive, which is 
of the spur gear under-driven type. 
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The exhaust is taken by fan from the feed end of the 
cylinder to ensure the saving of all fumes, but as a further pre- 
caution it may pass into a stive room previous to being dis- 
charged into the open. This design allows of a careful adjust- 
ment to the most delicate materials, as the principle is quantity 
of warm air not intensity of heat. The arrangement for erecting 
(Fig. 106) shows the delivery of the moist sugar through the 
feed shoot A and the automatic screw feed b into the cylinder 
dryer c (Fig. 105). After treatment the sugar passes through 
the shoot D, to be more completely dried and aerated in the 
conveyor dryer F (Fig. 84). Passing by the shoot H into the 
hexagonal revolving screen j, it is separated into three grades 
of fineness, each grade passing by its own hoppered shoot K 
into a barrel L, which is automatically packed by the mechanical 
packers M. As the cylinder c is exhausted by the fan E, 
and the conveyor dryer F laerated by the blower G, this forms 
a self-contained automatic drying, granulating, sifting, and 
packing plant for three classes of product from the one wet 
sample. 

The Enth Tubular Dryer shown in Fig. 107 shows a 
type of steam-heated cylinder in which the inner cylinder is 
supplemented by a coil of steam pipes. This coil heats the 
incoming air before it mixes with the grain or other wet 
material, and by means of the propeller shown at the feed end 
a copious supply of air is kept in continuous circulation. A 
machine with a 23 ft. by 5 ft. cylinder has thus a drying 
capacity equal to evaporating 800 lb. of moisture per hour 
from wet grain. It is very compact, requires small power, and 
has automatic feed and delivery. 

Among other noteworthy steam cylinder dryera is the Schultz, 
in which the main cylinder, about 8 ft. diameter, contains an 
inner steam cylinder or drum, which is perforated, thus allowing 
the steam to entirely surround about 180 pipes of 4 in. diameter, 
held in two end plates, similar to a tubular boiler. Through 
these tubes the material passes with an induced current of air. 
Naturally the material must be of suitable size, also the feeding 
automatic and carefully regulated. 

Drum or Roller Dryers. — There is another class of drying 
machine usually called cylinder dryers, which would be more 
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appropriately called drum or roller dryers. These machines 
have one or more cylinders (or drums), which are heated, and 
the material is brought iu contact with the outside periphery to 
be heated and dried. They are largely used in the paper and 
textile trades. 

The cylinders are various lengths and diameters, made of 
steel, cast iron, copper, or tinned iron, according to the purpose. 
The steam or hot air for heating enters by the trunnions from 
a joint 8U]iply or individual connections. The cylinder ends 



no. 108.— WHITK'B {patent) UYLINDBK. aB(,T10S. 
(Jm. Bartnun k Sm, Lid.) 

vary according to the maker, but Fig. 108, while illustrating 
While's PnlaU Cylinder, gi\-es the eaaential features of a typical 
cylinder, the invention Iwing the method of attaching the ends 
to the cylinder Iwdy, Tlie cylinder body c is boi-ed out, so that 
the diameter at K is slightly greater than the cylinder end at r, 
while both are tapered, and the joint made good by the rust- 
metal ring B. The risk of leakage is still fuither prevented by 
the form assumed at a and at E. Tlie usual formation is by 
screws or bolts through the end into the cylinder body. 
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In the manufacture of paper the one machine deals with 
the "half stufT," and after spreading and draining off the 
surplus water, passes it over one or more such rollers. If both 
sides are required alike, then each is brought into contact with 
the heated rollers, the heat being regulated according to the 
finish required on the surface, and in this ease the rollers are 
small in diameter, but numerous. But where the one face only 
has to he surfaced smooth, one large roller is used, and all dry- 
ing is effected from the rough side by heat applied at the 
smooth side. 

Fig. lOd illustrates the form such cylinders assume when 
used by dyers for drying curtains and other lengthy articles. 
It also shows the usual method of attaching the cylinder ends, 



(D. QorHe * Sod.) 

while the manhole and ring for rotating by hand can be 
■clearly seen. 

The Hank Yarn Drying Machitie (Fig. 110) gives an instance 
of a multiple roller machine as used in the textile trades, 
particularly for the drying of linen yarn in hanks. The rollers 
(or cylinders) are all worked in unison, being supplied by steam 
through the tubular framework at one side of the machine. At 
the opposite end of the cylinders the condensed water is lifted 
out by internal buckets, and escapes throiigh their nozzles to 
the hollow framing, from the lowest point of which it is dis- 
charged through a steam trap. The transporting of the 
material by means of the driven cylinders and wooden skeleton 
rollers, and the brass coupling links used to connect the 
several hanks into continuous bands, are well worth notice. 
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These skeleton rollers also serve for cooling down the yam 
before discharge. This type of machine, with suitable modi- 
fications, can also be used for drying warp yams and piece 



goods. 




FIG. 112.— FOUR ROLLER DRYING MACHINE (PATENT). SECTION OF BED. 

(D. k J. TuIUb, Ltd.) 

Tullis Patent Roller Drying Machine (Fig. Ill) is another 
form of cylinder or roller dryer. In this case the rollers R arc 
open at the ends, while their peripheries are padded with felt. 
The heat is applied in the bed c, which is of cast iron, polished 




FIG. 113. — FOUR ROLLER DRYING MACHINE (PATENT). ROLL-LIFTING GEAR. 

(D. k J. TulUe, Ltd.) 



on the top face, and having separate steam chests, as shown in 
the section. Fig. 112. The goods are fed in at tlie top A, and pass 
automatically through to the bottom B. The spaces between the 
rollers allow the vapour and impurities to escape and thus 
hasten drying, besides keeping the pads on the rollers in better 
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condition. The drive is by one belt through gearing at both 
ends of each roller to maintain uniformity of transit. The speed 
can be varied readily to suit the goods and the temperatures 
used. The rollers can be lifted from the bed in battery by the 
gear shown in Fig. 113, which is attached to the machine where 
required. The special feature of this machine is the series of 
rollers two to eight of small size, 8 in. and lOJ in., each having 
its own steam chest, as compared with the older type, known as 
the Decoudotin, in which there was one roller of 18 to 24 in. 
diameter, and one steam chest. For laundry use this type of 
machine is used for ironing and finishing at the same time as 
drying. 

The cylinder is perforated or covered with wire mesh 
throughout in the type of dryer shown in Fig. 114, which 
shows the Tumbler dryer. Built somewhat on the lines of a 
modern washing machine, the cage is enclosed and receives a 
pressure blast of hot air through the battery of heating coils 
from above and below. 

It is designed to treat feathers after they have been 
thoroughly rotated in a revolving barrel containing farina 
or starch. When placed in this Feather Finisher, the hot air 
gradually dries the feathers, while the rolling produced by the 
rack and pinion gear causes the starch to fall to the bottom of 
the machine, where it can be taken out. 

A machine designed on similar lines is used to treat clothes 
from benzine cleaning and washing operations, and subject them 
to a temperature of 250° Fahr. by strong air current, thus 
removing moisture or fumes quickly, and with minimum 
handling. 
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Characteristics. — ^Tunnel dryers are of various designs, and 
essentially consist of a stationary tunnel or passage through 
which the material passes either continuously or intermittently 
as the drying proceeds. The passing of the material through 
the tunnel is an essential feature, although some dryers are 
called tunnel dryers in which the materials are placed on racks. 
This is not the correct term, as they are essentially drying- 
rooms, however long they may be. The drying in a tunnel is 
progressive from end to end, as in some cylinder dryers. 

Structurally tunnels are longer than broad or high, and may 
be constructed of any material. In some instances the length is 
obtained by the imposition of one tunnel or part of a tunnel 
above or below another. The heat may be applied by direct 
firing or by heated air. The vapour may be removed by 
chimney, exhaust, or pressure fan, while the material may be 
handled in a verj'' large variety of ways, some of which are 
special to the tunnel type. Taken generally, economy of heat 
and labour are well secured, but the firat cost of the plant is 
sometimes high. The cylinder dryer has many of the char- 
acteristics of tunnel dryers, but the cylinder revolves, being 

cylindrical for that purpose, while tunnels are stationary. 

904 
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The sectional elevation of Enih's Patent Moist Air Tuniiel 
(Fig. 115) shows the typical form of a tunnel dryer, and has 
some prominent advantageous distinctive features of its own. 
As a tunnel it is a long building, through which the material 
passes progressively from the receiving end to the delivery. 
During its transit it is heated and dried by the heated air 
current. This air cuiTent is admitted at the delivery end, and 
passes back among the material to the receiving end, where a 
duet or chimney draws the vapour-laden air away. 

The distinctive features are that (1) the material is carried 
on special trucks (Figs. 68 or 71) over a tram track over A, and 
passes through one truck length at a time to the delivery over c. 
(2) The heat is supplied from live or exhaust steam in the heater 



coil shown at D under the track. (3) The heated air passes up- 
ward among the nearly dried timber entirely by its decreased 
weight when heated. (4) The incoming heated air presses for- 
ward the previous supply, and thus keeps up a steady current 
from the heater. (5) The air becoming colder by heating the 
timber and vaporising the moisture, is consequently heavier, 
and gravitates into the space beneatli the track e, and thence into 
the tiue F. (6) Tlius no fan or blower is needed, the air aiito- 
matically warming the timber, vaporising the moisture, and 
removing the vapour, while the speed and degree of its per- 
formance can be entirely regidated by the steam valve of the 
heater. 

Having no moving parte no motive power is required, thus 
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the initial cost and maintenance are very low. The steam is 
utilised to its utmost capacity, and such a dryer about 123 ft. 
long can give an output of ten standards daily, the period in 
the dryer varying from one week for pine and spruce deals, to 
three days for 1-in. pine boards. No labour is required in the 
drying chamber, and hence there is no need for the men to 
suffer from the humid atmosphere. 

For a long tunnel dryer of the Tuhdar type, the one shown 
in Fig. 116 has some striking distinctive features as to its simpli- 
city, small initial cost, and small floor space occupied. It was 
originally designed for short wools as they leave the washing 
bowl, and have to be carded, but can be used for fairly long 
wools and similar materials. 

I 

Taken seriatim as shown from right to left in the illustra- I 

tion, there are (1) the heater through which the air is drawn 
by (2) the fan of centrifugal blower type, blowing into (3) the 
galvanised iron duct, thus aspirating the material from (4) the 
suction hopper under the washing bowl, not shown. The air 
pressure carries the wool along the duct any reasonable distance 
into the (5) drying bin, where by (6) a specially designed * 

rotating pocketed cylinder, the material is separated from the 
surplus air and delivered into (7) the swivelling outlet, while | 

the air passes away through (8) the air outlet. 

The installation is thus a continuous one, self-feeding and 
self-delivering, working under pressure or plenum throughout, 
entailing no labour and comparatively small power. 

The heat is derived from a steam coil heater ; it is applied 
very thoroughly and intimately during the passage along the 
duct and in the drying bin. If this duct passes over or through 
any extraneous heat, it also utilises that. The removal of the 
vapour takes place in the dryer bin, where the material is 
caught in the pocket of the receiving cylinder, while the air 
passes through their wire covering, and through the upper 
screen of the bin into the outlet duct. 

Details of the receiving end are shown in Fig. 117, where c 
is the heater, B the fan, and A the roller delivery from the 
washing bowl. The arrows show the direction of the main air 
current, and the induced or aspirated action which serves as 
an automatic feed. 

The delivery end is shown in detail at Fig. 118. The warmed 
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and partly dried wool carried along by the air under pressure 
comes into contact with the wire pockets formed in the 



S 



rotating cylinder D, and is carried round with warm air in 
contact at all siii'faces. The wool being linally dropped into 
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FIG. 118. — PNEUMATIC DISCHARGING Al'PAKATUS. SECTIONAL ELEVATION. 

(W. SiimmencalM A Soot, Ltd.) 



the hoppered part of the bin and the swivelled shoot F, to be 
delivered where desired. The air has l)een thoroughly in con- 
tact and mixing with the material throughout its journey, and 
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in the cylinder pockets. The light fibres are prevented from 
being lost by a screen E at the entrance to the outlet duct. 

A tunnel dryer in which the whole gear is encased, while 
the material or goods to lie dried are slowly conveyed through a 
tunnel, suspended from mo>'ing attachments, is illustrated in 
Fig. 119 by longitudinal sectional elevation. Fig. 120 shows 
the detail for attaching tiie goods, and Fig. 121 gives a plan 
of the same installation in part cut away to show the conveyor. 

The plant consists of an endless double chain conveyor 
working on sprockets at each end. The chains are connected 
by round woollen bars having special attaching sleeves or clips 
for the garments. The whole mechanism is encased so that 
there are passages alK>ve and below. Into the lower passage 
a 24-in. propeller delivers air which has {^assed through the 
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T\Q. 120. — GARMENT CLIPS. 
(Jm. Kdth * BtookmMi Co., Ltd.) 

heater. In the up})er passage two 36-in. propellers circulate 
the air from the lower passage, returning part of it again, and 
passing part into the open vent at the top. 

The heat is thus supplied by tlie double heater enclosed in a 
louvred casing, and is applied by the propellei-s to the suspended 
materials or goods, the vapour being removed by the propellers, 
and expelled into the open. 

Tlie garments are hand fed on to the hooks till each bar is 
full, when the worker turns the small wheel to move the whole 
conveyor forward Ui the next bar. This bar is then loaded, 
attaching the garments by the clips shown in Fig. 120, of which 
there are enough to hang four shirts on each l^ar, or of other 
goods in proportion to their size. Again the wheel is turned a 
step forward and so on till the conveyor is full. When this first 
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load has been dried, as one bar is loaded at the feed end one 
bar is automatically unloaded at the delivery end. Thus the 
machine is kept full, ensuring the maximum drying without heat 
loss or interruptions. The heat adjustments can be set and 
maintained readily without risk of danger. In practice hydroed 
shirts require about twenty to thirty minutes. In public bath 
usage 270 huckaback or Turkish towels 54 in. by 27 in. can 
be dried per hour, leaving the desirable and natural rough 
surface, at an expenditure of 1 lb. of coal to every 4 lb. of 
water evaporated. It is adaptable for all laundry work, 
textile and hosiery factories, for paper or pasteboard in 
sheets, for light skins, and especially foi gaiments or continuous 
webs not held in tension. 

Dispensing with the clips (Fig. 120), and replacing the 
wooden bars by polished wooden rods, a conveyor similar to that 
illustrated by Figs. 119 and 121 can handle white or dyed wools 
with efficient results, while drying is performed on the system 
just described. Outside the dryer an automatic opening and 
loosening gear reaches the wool from the scouring bowls and 
delivers it on to the dryer conveyor. The dryer conveyor 
continuously passes it through the diying tunnel and delivers 
it automatically dried and opened out. 

Dealing with Shropshire combing skin wool and using a 
temperature of 90° to 105° Fahr., a 30 ft. dryer of this make 
will dry 800 to 900 lb. per hour continuously without any 
handling or loss of heat. 

Replacing the chain and wooden bars in the above machine 
by chains to carry stiffer l)ars placed wider apart and fitted 
with projecting wooden pins, it can be adapted for economically 
handling hanks of woollen or other yams. Each hank is spread 
upon two pins by hand, and after drying is received on a bar 
(telescopic). 

This machine is made in three sections, each 9 ft. 8 in. 
wide. The sections are built together according to require- 
ments, some sections being used for cooling off after the drying. 
For instance, a floor space of 18 ft. by 9 ft. dried 320 lb. 
per hour (dry-weight), and a space 9 ft. by 9 ft. cooled 
them off. The approximate time for three-ply hanks in 1 lb. 
(dry) hanks with 100° Fahr. is 25 J minutes to dry and 9 
minutes to cool. 
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In an actual test of a 9-section machine working 100° Fahr. 
the following results were obtained : — 

Hanks = 1 lb. 6 oz. wet ; 1 lb. dry. 

Load = 17 bars each carrying 11 lb. (wet). 

Dried = 40 bars per hour = 440 lb. wet = 320 lb, dry. 

Water evaporated = 1 20 lb. per hour. 

Steam condensed in heater = 240 lb. per hour. 

For drying flax and other yams while held in tension, the 
same system is employed with modification in structure and 
detail to accommodate the conditions. The diagrammatic eleva- 
tions in Figs. 122 A, B, and c show the design of this form. 

The machine is in sections ; the illustration shows a plant of 
three sections. Each section contains two chain conveyors work- 
ing on sprocket wheels, and carrying polished wooden poles, 
which, being held in the centre, leave free access for the yarns to 
be put on and off. Each pole in the top conveyor is fitted with 
cog and pinion which cause it to rotate, while each pole on the 
bottom conveyor fits in a sleeve which allows it to rotate. The 
upper loops of the hanks are placed over the ends of the lower 
pole on the top conveyor, and the lower loops of the hanks are 
placed over the ends of the upper poles of the bottom conveyor. 
The rotation of the poles of the top conveyor causes the hanks 
to revolve, and thus rotates the poles of the bottom conveyor. 
While the yarn is wet and the hanks revolving, they receive a 
series of sharp, regulated blows, which shake and straighten 
them. The inclination of top conveyor causes the increased 
tension during drying, and the decreased tension at the delivery 
end, so facilitating removal. 

The drying at atmospheric pressure by large volumes of 
warm air, as will be seen, is by three sets of coils and three 
inlet propellers. The exliaust is by three more propellers. 
The coil and propellers are all at the top of dryer over 
the tunnel in which the wool is dried. The air is controlled in 
its circulation by various plates and valves. 

The dryer is made in various sizes to dry 1 to 5 tons per 
hour, and differing in length according to the weight of the 
counts. The structural portion is sometimes of brick, but it can 
be enclosed as a self-contained macliine when desirable. 

A range of hollow winclies and steam cylinders, similar to 
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Fig. 108, with an alternating range of winches and guide rollers 
superimposed abov.e them, is used for gradual drying and 
"ageing" aniline black dye goods, where tlie drying must te 
gradual and large exposure is absolutely essential. The goods 
enter over swivel tension rails and pass over a number of 
hollow or skeleton winches before and after passing over the 
heated steam cylinders. 

Guided upwards the goods then pass up and down a very 
large number of alternating skeleton winches and wooden 
return rollers, thus obtaining a series of vertical layers of 
material between and throug!i which tlie rising air currents 
pass and " age " the goods. 

The whole plant can be built into a room or enclosed, and 
gives great capacity in comparatively small space. It is a 
striking example of the economy of space in the tunnel type of 
dryers, forming a long exposure on the double row of alternating 
drums and still further extended by the vertical laps. The 
heat is thus very gradually applied, and being retained among 
the folds gets well saturated before passing out of the room. It 
can be worked by aeration or by induced exhaust of a propeller. 

A tunnel-like range is also used for dealing with such 
delicate goods as cannot stand the sudden heat of contact with 
the cylinders. The first portion of the machine consists of 
skeleton winches in a double range placed liorizon tally over 
a battery of hot air pipes. When the material has been 
warmed and partially dried it is taken over the steam cylinders 
arranged in a double vertical range at tlie delivery end of the 
machine. By this method a progressive heating and drying is 
secured, while the vertical range also acts as an elevator for the 
material to the upper floors, besides economising floor space. 
The material is kept at an even tension and the power absorbed 
is merely nominal. When complete the goods are automatically 
plaited off in the usual manner. 

In connection with the methods of handling the material on 
page 154, there is described and illustrated in Figs. 79 and 80 
a type of Gonveyoi^ zisedfoi^ a Tunnd Dryer, in which the tunnel 
is extended by placing three conveyors one above another. 
In reference to this Three-high Convey m* Tunnel Dryer there 
are several points worth further consideration. The heat is 
supplied from steam pipe coils c, placed in double layers along 
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the top of the structure. Two large propellers d are placed in 
the bottom of the structure, and draw air via the heater coils 
through the material and the canvas of the three conveyors. The 
heated air at 100° Fahr. is thus applied primarily where the 
material has most moisture, and is twice more drawn through 
the material, thus economising heat and utilising the compact 
form of the apparatus. The material is thus automatically 
exposed to the heated air for a length three times that of the 
structure, besides being twice gently turned over. The short 
circuiting of the air current is prevented by the canvas extend- 
ing the entire width of the structure, and overlapping the angle 
carriers E. 

Tlie rollers f are used to r^ulate the feeder, and to guide 
the delivery into the special aspirating conveyor B, which 
receives its impetus from the fan H, and conducts the wool 
along the tube g, as descril)ed on page 206. 

Having a large volume of air passing through at a low 
temperature strictly under positive control, this form of tunnel 
should suit any kind of wool or hair in an economical and 
efficient manner. 

The Sutdiffe Tuniiel Diyer is shown in the plan, Fig. 
125, and in elevation, Fig. 126. As will be seen, the tunnel 
consists of four tracks, and these tracks are divided by walls 
into really four independent compartments each heated and 
exhausted by similar means. This partitioning into compart- 
ments is characteristic of most tunnel dryers and has great 
advantages in economy, range of heat, variety of product, &c., 
although some makers still retain the one compartment method 
for several tracks. In this installation the heat is supplied 
through tubular steam heater to the air fed into it by a 
direct-driven propeller. From the heater the hot air rises 
beneath the several tracks into the tunnel, through and 
among the material, which is almost ready for leaving the 
dryer. The air passes in the reverse direction to the 
material and leaves by outlet in the floor under the track, 
whence it is drawn by the exhaust propeller and discharged 
into the louvre roof. It is thus a plenum process with 
auxiliary exhaust to facilitate the vapour discharge. The 
material is handled by suitable trays on trucks which enter 
and leave progressively as the drying proceeds. 
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The entire tunnel is insulated apart from the buildings, and 
the valves for air and steam allow of varj'ing temperatures in 
the several compartments. As applied to soap the temj>eratures 
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only vary from 70" to 100^ Falir. according to the kind, and the * 
result is the surface drying needed to prevent future evaporation 
with consequent loss of weight. The extracting of the necessary 
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3 to 5 per cent, moisture from the surface while leaving the 
35 per cent, moisture desired in the interior illustrates the 
adaptability of this dryer for materials which can ]ye carried on 
trays or trolleys. 

A tunnel drying plant divided into five tunnels for a large 
and regular output of material similar in size and thickness 
such as planks, is illustrated in the Sturtcxxnit Progressive 
Timber Dinjer (Fig. 127). From the cut-away portion of the 
view it will be at once apparent that in this system the ducts 
are fed with hot air at the delivery end from a heater and fan, 
as shown in Fig. 41. These ducts are so arranged that the air 
travels down the length of tunnels, while the material to be 
dried is passed tlirough them in an opposite direction on suit- 
able trucks. By means of this counter-current the damp 
material does not at first come in contact with the hottest air 
but is met by the comparatively cool and moist air that has 
already passed over the other trucks. As the contents of a 
truck become dry it is removed at the outlet end of the kiln, 
the remainder are moved along the tunnel and the space left at 
the opposite end is filled by a fresh truck. There is thus an 
intermittent "progression" of trucks through the tunnels as 
each truck load liecomes dry. 

The traveling l)ogie and the rails for handling the trucks 
are clearly shown. So are the counterbalanced entrance and 
exit doors to the several tunnels. From these it is obvious 
that the labour of handling is reduced to the minimum where 
quantities of similar materials have to be continuously dealt 
with. 

Types and Features, — Tunnel dryers are largely in use in 
connection with the drying of bricks and clayware for which 
they are especially suitable and economical. Althougli the 
tunnel dryers shown in Fig. 115 or Fig. 125 might be taken as 
typical of the general construction of most brick tunnel dryei-s, 
the variations in design are really much greater than even the 
number of makers. There are, or rather have been, some tunnel 
dryers in connection with bricks of quite a different type, e.g., 
Bland's annular tunnel dryer (see page 221) and Sturm's circular 
tunnel dryer (see page 222). T!ien there are some so-called 
tunnel brick dryers which are really long drying-rooms. 
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But returning to those wanned and ventilated tunnel dryers 
in which the material is moved and dried progressively, where 
the bricks are placed on trucks moving over rail tracks from 
one end to the other end of a long, well-protected building. In 
all other factors they vary, i.r., as to wanning, ventilating, 
moving of the material and structure of the building. 

In the stmcctnre of the building there are — 

1. Those in which the tracks are separated by division walls. 

2. Those in which the whole of the tracks are in one un- 
divided structure. 

With regard to the moiling of the material, there are — 

1. Those in which the material travels in the same direction 
as the air currents. 

2. Those in which the material travels in the reverse direc- 
tion to the air currents. 

The vevtilatioii or vapour removal is by — 

1. Exhaust fan with casual supply. 

2. Pressure fan supply — 

(rt) From above. 
(h) From below. 

3. Pressure fan supply with exhaust, assisted by auxiliary 
fans. 

4. Flues and chimney. 

Warming offers a wide choice in sources of supply and 
methods of applying the heat. The various types are — 

1. Direct firing with furnaces built in or under the tunnels, 
and allowing the products of combustion to pass through the 
tunnels and among the goods. This is quite on the kiln style, 
and left the bricks as well as the men in a dirty and sooty 
condition. 

2. Direct firing with furnace and flues under the floor, which 
allowed of heat transmission but excluded all products of com- 
bustion. 

3. Waste gases from the kilns and furnaces. These were 
used — 

{a) Alone. 

{h) As auxiliary to one of the other heat supplies. 
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of combustion at once distinguishes a room from a kiln, whereas 
the entry for loading, &c., marks it from an oven, while being 
enclosed differentiates it from a shed. 

Structurally, apart from being entirely enclosed, there are 
no essential restrictions, but when not of brick or stone for 
economy the walls or casing should be chosen for its non- 
conducting qualities, save where lower temperatures than the 
surroundings are in use. A room may be on wheels or other- 
wise portable. The heat supply may be of any kind excepting 
the passage of the products of combustion. The method of 
applying the heat may be by any mode. The removal of the 
vapour is carried out in practically all the possible ways in one 
or other of the different drying-rooms. 

The handling of the materials in rooms is generally an 
expensive process as being by manual laV)Our, but in most cases 
this arises from the delicacy or other feature of the material 
itself not allowing of economical mechanical conveyance. The 
drying-room offers all the advantages and disadvantages of a 
drying-oven, except in so far as manual lalx)ur is used inside 
the drying-room, but not inside the drying space of an oven. 
Hence rooms are generally chosen for goods or materials which 
require hand labour, and the objectionable feature of entering 
the drying chambers has to be dealt with as an unavoidable 
necessity. They appear to particularly lend themselves to such 
goods as pottery and other clay wares, rubber crapes and sheets, 
hops, textile fabrics, paper, leather, &c. 

In many cases drying-rooms are used for other purposes 
when drying is proceeding, and hence have to be designed to 
meet other controlling conditions than those arising from drying ; 
€jj., in pottery works, crucible works, paper and textile mills. 

S/iew's Hop Dnfimj-Roovi, as illustrated in part sectional 
elevation. Fig. 128, shows very clearly the essential difllerence 
between a kiln and a drying-room, at the same time demon- 
strating the more scientific methods now employed in drying 
hops. Instead of the arsenic and the products of combustion 
passing up through the floor and into the hops as in the old 
kiln method, here the fumes pass away and the clean heated 
air alone is used. The heat supply is by coke, coal, or other 
convenient fuel in Shew's ribl)ed radiating stove described on 
page 93 and illustrated in Fig. 47. The air is economically 
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heated hy the unusually large amount of radiating surface 
offered by the gills of the stove and the complete wystein of 
flue coils. The heated air passes through the usnal perforated 
hop floor and hops either by its own expansive force or prefer- 
ably assisted by a pressure fan, which is found in practice to 
double the output per hour. 



Tlie Hue passing through the centre of the drying-room acts 
as a subsidiary assistance in removing the vapour while not in 
any way contaminating the air. 

The material (hops) is handled as found most convenient ill 
the usual hop kiln by manual labour. Tlie output per square 
foot of floor space under fan air supply is 5 to 6 lb. of dry hops 
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per twenty-four hours, with a fuel consumption of 15 cwt, to 
1 ton per ton of hoj)s, from which 7"j per cent. moiBture has 
Ijeeu removed. Bearing in mind that 6 Ih. of gi'een hops 
produce only li lb. of dried hops with 91 per cent, water of 
constitution, thia ie a delicate and difficult pruhlem in drying 
for a hot air process. 

Hop rooms are now also worked by steam-heated air from 
heaters of the radiating type fed with air by propeller fan. A 



FIG. 129.— PKKKINS' DKriKO-ROOlf. 

(Wnnar, PflddsMr, * Ptrklni. Ltd.) 

well-designed installation of medium size working under 130" 
Fahr. will deal with fi to 8 lb. of green hops [mr sf^uare foot of 
floor space in tlie working day of, say, ten hours, with 15 cwt. 
of fuel to tlie ton of drie<l ho]>s. 

The P<-rkins' ,^'i/Mieiii, as applied to drying-rooms, is shown in 
Fig. 129, the distinctive feature being tlie coils of small bore 
pipes heated by liot water in a closed eircnit alwve atmospheric 
pressure. The action is thus positive and iinifonn. Tlie same 
water is used penuanently, as the coil in tlie furnace is a con- 
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tinuatioii of those iii 
the room. The wliole 
apparatus takes up but 
little space, while 
having the advantages 
of cleaDlinesB anil 
purity of air attaching 
to steam and hot water 
systems. Its adapta- 
bility to differing cir- 
cumstances is very 
great; the illustration 
is of a room for dry- 
ing printed tin plates, 
but the same process 
equally well heats a 
tunnel dryer or a dry- 
ing oven- wliere the 
material indicates their 
suitability. 

The StuHi-miit Dry- 
ing Roovm are illus- 
trated in the elevation, E i 
Fig. 130, and the plan, 5 
Fig, 131, by a four 
" compartment " plant, 
with air currents from 
Btdo to side of each 
" compartment." This 
feature differentiates 
them from drying 
" tunnels," which liave 
air currents from end 
to end, and progressive 
drying (see page ^19). 

The heating and cir- 
culation are produced 
and controlled by a 
tubular heater and 
pressure fan of ample 
29 
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capacity, as illustrated in Fig. 41. The fan blows the air 
through the heater, and by an under-delivery into the air 
supply duct which runs under the floors of the various com- 
partments. Separate outlet valves regulate the supply of 
heated air from this duct into each " compartment " or room. 

The heated air in the room is blown into, about, and through 
the material to the return air duct, which is on the opposite 
side of the rooms from the inlet in each room, and passes under 
the floor. 

The common return air duct discharges partly into the open 
and partly into the receiving chamber for the fresh air. Thus 
only the air which has performed its vaporising duty is 
driven out. 

The substantial nature of the structure and the insulation 
to prevent heat losses can be seen from the illustrations. Of 
course where the material is suitable for mechanical handling 
this plan is equally applicable to a drying oven. With the 
direct driven fan shown this makes a self-contained plant 
ready for connecting either exhaust or live steam. Usually 
it is exhaust steam in the day and live steam after the 
working hours for the remainder of the day and night. 

The Seayrave-Bevinfjton Di^yinrf-Rooms illustrated in Fig. 
132 by plan, longitudinal and end elevations is worked on 
the exhaust process. It will be noted that the building has 
two floors which may be treated as distinct drying-rooms, 
hence it is only necessary to describe one. The leather, which 
is the material here under treatment, is pinned on to movable 
boards on runners, with access on each side and passages 
between the lx)ards for the air currents. The portion which 
is under operation is partitioned off from the passages for 
conveying the materials. 

The heat is supplied by a concentric tubular heater of the 
Seagrave-Bevington pattern described and illustrated on page 
86, Fig. 40, placed at the end of the room. The air current is 
induced by large disc fans or propellers placed in the exterior 
wall at the opposite end of the room to the heater, thus dealing 
with the air after it has passed all the skins and got its burden 
of moisture. From what has already been said respecting the 
exhaust process it is apparent that there will be no other inlets 
or outlets needed than the heater and the fan. Near the 
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heater is shown a cold air inlet valve to allow of the adjust- 
ment of the temperature in the supply, and there is a space 
left before the first group of hides for the air to properly mix. 
Although shown as in use for leather this design is also working 
on tobacco, &c. 

Grihlis dryers for harvesting hay, com, &c., which obtained 
the award from the Society of Arts, took the form of a 
portable room, or enclosed shed, with a false or double floor. 
The space between the two floors was used for the storage and 
passage of heated air used to warm the floor, and pass up 
through the perforations therein to the material. In tlie case 
of com in " shocks," the heated current was more localised when 
passed through the floor by means of short vertical tubes, 
roimd which the "shocks" were staxjked instead of the per- 
forated floors used for haymaking and similar purposes. The 
heated air was supplied into this floor space by a fan having its 
inlet connected to a box which was heated by the exhaust steam 
and the flue gases from the portable engine used to drive the 
fan. Tlie heater using both the flue gases and the exhaust 
steam gives very good results for fuel economy, and the entire 
plant was an economical one for the exacting conditions under 
which it worked. The room itself was built of light wood 
framing with louvred outlet at roof. 

The Normal Air Process {Marlows patent) is illustrated in 
Fig. 133 by plan, elevations, and end view, as applied to drying- 
rooms, although the same essentials can be adapted to use in 
drying ovens or drying tunnels, according as the material 
requires. The plant consists of (1) the air circulating fan with 
alternating current, (2) the vapour depositing gear, and (3) the 
heater. The special altemating twin fan has been described 
on page 125, and illustrated in Fig. 61. The vapour-depositing 
gear consists of an enclosed chamber containing cooling coils 
connected direct with a refrigerator, as described on page 27, 
and illustrated in Fig. 14. The heater is of the usual coil or 
radiator type used with exhaust or live steam. The material 
is hung or placed in the enclosed insulated chambers in a 
manner suitable for tlie greatest possible surface exposure of 
the rubber or other thermally sensitive substance. 

The following cycle of operations is automatically and 
continuously performed : — (1) The exhaust fan f withdraws the 
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air from the drying chambers A, A, and delivers it into the 
depositing chamber G. (2) The coils cause an immediate deposit 
of water from this air. (3) The vapour-freed air is warmed in 
the steam heater H, and passes into storage in the equalising 
cliamber D. (4) The warmed vapour-freed air is exhausted 
from the expansion, and forced into the already exhausted 
dry chamber by the pressure fan B. (5) This material is 
warmed, the moisture evaporated, and the operations (1) to (5) 
again repeated. 

The results obtained are that the lieat is supplied from the 
steam heater, and applied by air under pressure, hence obtain- 
ing positive and intimate contact at every possible point of 
surface. An interval obtains which allows of vaporisation. 
The vapour-laden air is then speedily removed by exliaust, which 
accelerates the vaporisation and increases the vapour removal. 
The burden of moisture is deposited in the cooling coils, and 
the cleansed vapour-freed air is heated just so much as it has 
been reduced by the vaporisation and the condensation of the 
vapour. 

As all the ducts and chambers are insulated, the heat losses 
are small, while the available heat can be strictly regulated to 
suit the peculiarities of the special material. This process is 
a safe one for all temperatures, especially low temperatures, 
which are most difficult to deal with. It is also a particularly 
positive one, as the same air being continuously used in the 
circuit, there is no indefinite factor from changeable atmo- 
spheric conditions. 

The Sutdiffe Confectionery Dnjing-Romn is of the double 
compartment type, usually having drying chambers on each 
side of the heating and ventilating compartments. The plan 
and sectional elevation shown in Fig. 134 illustrate an eight- 
chamber plant for starch goods, pastilles, peel, or similar 
articles. Each chamber is about 25 ft. long by 8 ft. wide by 
6 ft. 6 in. high to the false ceiling, holding 1,200 trays of the 
usual confectionery pattern placed in double lines on each 
side of the central passage. Each chamber can be treated as 
a separate drying-room, being connected or disconnected to the 
central air ducts. The hot air is blown down the central 
passage of each chamber, and can only escape through the 
narrow horizontal slots running behind the trays ; it then rises 
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DRYING-ROOMS 233 

into the false ceiling above the rooms, and is returned either 
wholly or in part to the fan. 

Such a plant is heated by stacks of Sutcliffe heating batteries 
containing in all 1,100 sq. ft. of heating surface, the air being 
supplied to the batteries under a slight pressure by a 48-in. 
propeller fan placed beneath the drying-rooms. The main 
feature of the system is the rapid circulation of hot air under 
gentle pressure throughout the entire plant and atove each 
individual tray. The subdivision into compartments assists 
the maintenance of an even treatment with consequent regular 
product. 
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CHAPTER XI 
EVAPORATIVE DRYING INSTALLATIONS 

Drying Oven«. — Characteristics — Typical Ovens — ^Griffin Copper Air-Oven — 
Dentist's Water-Oven — Sirocco Tray Oven — Aerated — Exhausted — Pres- 
sure—Sirocco Tilted Tray — Sirocco Endless Chain Dryer — Turner Rotary 
Wheat Dryer — Hamol-Smith Rotary Dryer — Steam -Heated Hot Air 
Oven — Gnom Lifting Tray Dryer — Ryder Inclined Trays — Robson 
Agitated Trough — Lennox Plate Oven — Firman Agitated Oven — Carter 
Superimposed Agitated Troughs — Gardner Three-Tier Troughs — Imperial 
Grain Dryer — Fraser Removable Tray Oven — Wheat Conditioner — 
Sturtevant Laundry Oven — Sutcliffe Bottle Dryer — Scott's Stationary 
Vacuum Oven — Scott's (Patent) Vacuum Mixing Oven — Scott's (Patent) 
Vacuum Continuous Oven — Padding Machine and Hot Flue — Steam 
Chest and Hot Air Machine 234-266 

Desiccators. — Characteristics — Scott's (Patent) Continuous Vacuum Desiccator 
— Milne Twin-Cylinder Desiccator — Boreas Portable Cable Desiccator — 
Blair's (Patent) Continuous- working Vacuum Desiccator 266-272 

Autoclaves. — Characteristics — Sutcliffe Sand-Lime Brick Autoclave — Del^- 
pine- Jones' Patent Pressure Current Disinfector — Volatile Oil Recovery 
Ovens ........ 272-278 

Characteristics. — Drying Ovens are chaml)ers or receptacles 
entirely enclosed adapted for applying heat, but not having the 
heat generated in them, or needing entry to charge or remove 
the material to be dried. An oven is distinguished from a shed 
by being entirely enclosed, from a kiln by not containing its own 
furnace, from a tunnel by being of any proportions, and from 
a room by the feed and discharge not needhig the labour to 
enter. The range is very wide, and covers some of the most 
scientific and economically efficient dryers. 

The heat being generated outside of the oven facilitates the 
exclusion of the products of combustion, and allows of the appli- 
cation either by radiation, conduction, or convection, generally, 
however, by a combination of two or all three of these methods 
of transmission. The heat losses may be minimised, as there is 
no necessity to cool down the room for entry, and for the same 
reason continuous working can also be readily obtained, although 
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neither of these advatit^cs apply in eonie cases, as the parti- 
cular design may not provide facilities. 

The applications of heat are made by hot gases heated from 
direct and waste sources, steam, live and exhaust, and by direct 
conduction through plates of radiant aud steam carried heat. 

The removal of the vapour ia usually mechanical either 
under pressure or exhaust, but sometimes by aeration, while 
under this class also come the vacuum machines, which dispense 
with the air medium. The efficiency varies vastly with the 
different designs owing to 
their own characteristics, '-«!Z7i 

which are sometimes caused 
by the peculiarities of the 
material to be dried. 

Taken generally, the 
oven should, when well 
designed, offer the best 
facilities of efficiency in fuel 
combustion, heat transmis- 
sion, vaporisation, vapour 
removal, and handling ex- 
penses. As they are usually 
deseed solely for drying 
operations and exclusively 
used for that purpose, higher 
elficieney is to be expected 
than in drying-rooms, which 

are frequently used for other no. 133.— coppbe hot-air ovbn. 

purposes at times, if not at <'■ *■ '"'■° * °^- ■■"■' 

the same time. 

Griffin's Copper Air Oven in iron jacket (Fig, 135) is for 
drying substances in a rapid current of hot air, kept within 
a few degrees of any desired temperature up to 500° Fahr. The 
apparatus consists of a copper chamber enclosed in a case 
made of stout sheet iron. There is a clear space of at least an 
inch all round between the copi>er chamber and the iron case. 

The bottom of the iron case has a round hole in the middle 
rather wider than the head of the rose gas burner. This 
burner being lighted and applied there, air rushes up through 
the flame into the space between the copper chamber and the 
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iron case and passes out by the chiiiiiiey a. If it is desired to 
ditiiiiush tho draught, tho cap a' is put on the neck a and the 
gas burner can be regulated to \'arj' the lieat. 

Tlie copiier chaiiilcr has a false bottom, formed by a shelf 

or stool that lies aljout an incti above the solid bottom. Each 

half of the simee included lietween the two bottoms is open at 

one end and closed at the other, and the surface is perforated. 

Air passes into the enclosed spaces by two flat copper tiil>ee, 

the upiier ends oE which are marked 65. The hot air after 

passing over the materials escapes by the openings c and d, 

either of which forms a 

convenient position for 

the thermometer, while 

on the other may be 

fixed the vent c' shown 

at the side. 

Dentist's Watcr- 
Jarlrtcd Dn/ Ovi'n (Fig. 
136) is specially de- 
signed for dentists' use. 
It is of heavy copper 
throughout, riveted and 
seamed joints for con- 
tinuous hard usage. Be- 
sides the hanging door it 
lias two sliding shelvesof 
copper plate, hammered. 

Flu. 136.— WATEK-JACKLTBU BKV OVEN, tiuUCd, aud poIishcd tO 

(n.tch«, Bu««ll, SCO., Lid.) fij ^^,pj, j,,^ ^^^^ ^,,i^g 

hole for warming rubber; 

Heating is by gas burner and the hot gases do not enter the 
cliamt)cr at all, the jacket between the outer casii^ and the 
inner oven lieing filled with water. This is intended for tem- 
peratures below 212" Fahr., and for tlioroughly diying ofif small 
quantities of water from solid moulds, casts, &c. 

The Sironv Up-Draught Mnnovahk Trnij D)-iiri;ss illustrated 
in Fig, K17, is worked by direct firing in a furnace of the 
nmltitubidar type illusti'ated by Fig. 46 and described on 
jiage 92, This furnace, Ijesides supplying the heat for vaporising, 
also produces the air current which aerates the material. Thus 
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while the flue gases pass up the central jKissiige of tlie elumuey 
the vitiated air escapes hy tlie annular duet aroinid it, sliown 
in part cut-away section on the illustration. As will be seen, 
on top of the heater is the drying chamlter with a number of 
trays for the reception of the material. 

Each of the trays has a separate slide and is independent of 
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the others. Eaeli colninn of trays has its own regidating 
damper for the hot air, while tliere are shut-off dampers t« 
divert the Iiot air when required. The nietliotl of working is 
progressive, the wet material being put into the top tray of 
the column and then jKissed downward stei>wiae to the bottom 
slide for completion. 
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This makes a self-contained dryer without any need for 
motive power or steam, being built uji in sections and readily 
transportable. It is made in various sizes and capacities. Thus 
for a good wither of tea down to 60 per cent., using good fuel 
and a temperature of 220° to 230^ Fahr., the makers give the 
capacities as per hour : — 

4 tray vertical flue heater, 40 lb. 
8 „ „ „ 60 lb. 

16 „ „ „ 90 to 100 lb., multitubular. 

16 tray multitubular heater, 100 to 110 lb. 
20 „ „ „ 120 to 130 lb. 

The drawers or traya can be arranged endwise or at the 
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front as illustmted. This tyi»e can also be used for cinchona 
bark, cocoa, coffee, &c., by having deeper trays with roller 
runners to carry the extra weight. 

The Sirocco Domi-Draui/lii Hz-mornUc Tivy Di-yer illustrated 
in Fig. 138, while using the same type of nmltitubular heater 
as in Fig. 46, by means of the two centrifugal fans draws the 
pure hot air down on each side through the material into the 
fans, and away by separate ducts. In other essentials this 
dryer works on the same principle as Fig. 137, but by the 
down draught there is considerable saving in height, while the 
double induced dranglit gives niore positive control, and naturally 
larger output. The two fans enable subdivision of working, 
which allows of many eonvenienees, while the large fans allow 
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of slow speeds and small motive power. This type is made 
in various sizes, single and double draught. The low drawers 
give increased facility of handling. 

The ^rocco Tilting- Tray Pressure Dryer is built and worked 
on similar principles to those described for the preceding sirocco 
tray dryers, except that these trays tilt, and the air is under 
pressure. The trays, four in number, and superimposed, are 
operated by turning a crank handle. This, through gear wheels 
and cam, causes each line of trays to tilt in successive order 
from the horizontal to the vertical position, beginning with 
the lowest line, the contents of which are discharged into 
the base of the dryer. The base also acts as an air-pressure 
chamber, but during the tilting the air pressure is shut off to 
allow the material to fall freely. All the gear is outside the 
machine, and easily worked by a lad, taking about six to eight 
seconds between each time of tilting. 

The hot air is driven into the base of the dryer, and then 
upwards through the material on the four trays to the vent for 
the vitiated air at the top. The outpftt is considerably more 
than the removable tray type. 

The Siroeco Endless Chain Press^tre Dryer works on the 
plenum system. It has three endless webs with narrow per- 
forated trays supported at each end by the travelling chains. 
Thus the material traverses six times the length of the drying 
chamber, falling from one row to the lower. The material is 
fed in at the top, mechanically spread to even depth, and 
automatically discharged into the receiving hopper at the base. 
Throughout its traverse it is passing through an upward pres- 
sure current of hot air from a multitubular air heater. 

The power to drive the fan and gearing for the conveyor 
chains is only 3 to 3 J H.P. The pressure causes a more even 
and regular drying of the material, besides greatly increasing the 
output. As in the other Sirocco machines, it is self-contained 
and easily transportable. 

The Turner Rotary Wheat Dnjer ami Comlitioner, illustrated 
in Fig. 139, works with a double air current, the upper being hot 
air to dry the wheat and the lower cold to cool and condition 
it. As will be at once noted from the print the feed, action, 
and delivery are all automatic and continuous. The wheat 
glides in a steady motion between the perforated cylinder and 
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liner, from the top to the bottom, anil is subjected to the blast 
as eliowii by tlie arrows. The gear drive is shown at the top, 
but may l>e at the foot where preferable. The footstep bearing 
is noticeable as ensuring steady 
working with small power, 
Tlie amount of floor space 
t«cupied is very small, while 
the adjustments of air pres- 
sure, temperatures, speed of 
i-otation, and rate of delivery 
each give a wide range of 
cai>acity to suit varj'ing con- 
ditions of the wheat. 

The Hamd-Smiih Rotary 
D-ryer consists of a number of 
removable cylinders A, held in 
the periphery of a re\olving 
frame. Tliis frame is enclosed 
;j and situated o\er a furnace. 

The cylindei'S vary in nimiber 
an<l size according to the out- 
put required, but in each case 
1,^ they are perforated and have 
ledges to lift tlie material as 
'' the frame rotates, while tliey 
remain stationarj' relatively to 
it. The frame is rotated either 
by hand, with the handle 
shown, or by a lielt from 
a small motor. All other parts 
Ix-iug fixed, no further power 
is wquirod. The furnace can 
rid. 139. —TURNER ROTABT WHEAT bum auy fucI as tlie fumes 
coNDiTioNEK (rATENT). pas.s Up thc chimiiey and do 

{■. B. A F. Tn,D.f, ud.) „yt, come ill contact with the 

air to be heated, or the ma- 
terial to l>e dried. Tlie print is self-explanatory as to the 
ready means of handling the cyliiidere and the material. The 
firing and circulating arraiij;emeiit.i are also clearly shown, 

A comjMict selt-containi'd form of SUaiu -healed Hot Air 
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Oven is illustrated in Fig, 141, where a series of trays or 
shelves have the air drawn over them by the propeller. The 
heating is by means of the small bore steam coils around, 
through which the air is drawn on the one side ot the oven. 
The outlet is on the opposite side, while the material is placed 
through the doors shown at the front. It is designed for use 



(Divid Bild[« fe Co., Ltd.) 

on plantations, &c., too small to instal a vacuum plant, and 
where the amount of heat required is not enough to justify 
larger outlay. 

A very compact portable drying oven made in several sizes 
for fruit and vegetables is tbe Chum, Dryer, illustrated in Fig. 
142, with its own furnace attached, but it may be worked over 
an ordinary cooking range or stove. As will be seen, the oven 
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is ])uilt up of thirteen removable interchangeable trays, which 
can be raised or lowered by a rack B and pinion P through two 
compound levers A, A, worked by the hand lever c. 

The trays consist of a light wooden rectangular frame, with 
a bottom of corrugated wire netting, to facilitate the passage of 
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FIG. 141.— STEAM -HEATED HOT AIR OVEN. 
(D*Tld Bridge h Go., Ltd.) 



the heated air through the whole of the trays and around the 
material. The projections shown on the trays are for inserting a 
light iron rod under and into the notches n in the wrought-iron 
frame ; by this means any number of the trays may be lifted, 
and one or more withdrawn. The furnace F, shown in the 
vertical section, is a cast-iron rectangular box with gills to 
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increase the radiating surface. The furnace is enclosed in a 
la^ed air space with iron sides which form the base for the 
oven. The admission and direction of the air currents are 
shown by the arrows, while the deflector is placed just beneath 
the thermometer T. 

It is usually worked by inserting the wet material in the 
bottom tray and raising upwards in the direction of the air 
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currents which do not come in contact with any of the protlucts 
of eouibustion. 

The ilhistration, Fig. 143, shows a complete inst-allation on 
the Dr liydrr st/sirm of a hot air drying plant with inclined 
trays. The plant consists of the heating furnace witli Hue, the 
hot air reservoir, and the inclined trays. The stove can bum 
coke, coal, or any dry fuel, as none of the products of (xinibustion 
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mix with the hot air, and the Hue can be taken outside the 
building as shown. Tlie hot air reservoir is above the stoves, 
and has inlets for the fresh air, whicli when heated passes into 
the lower part of the inclined trays, and the material to the 
upper part. 

The drying chamber is built up of a series of superimposed 
trays with perforated bottoma, which allows the hot air to 
obtain access to all parts of the material to l)e dried. It is 
specially designed to deal with fruits, v^tables, &c. Working 



by dii-ect heating and aeration it forms a simple and easily 
erected means of drying or desiccating. 

The Rohs&n Aijitnted Tr&iujh Dnjtr, shown in Fig. 144, is a 
deep U shaped trough b with a double row of beater amis 
c continuously stirring and mo\'ing foi-ward ttie material. 

The material is automatically led by spiral A into the top 
of the enclosed trough b, and falls into the beaters. As the 
agitation proceeds ttie material repeatedly comes in contact 
with the heated sides of the trough, and is at tlie same time 
being exhausted by the centrifugal fan. The delivery is 
automatic into the woi-m conveyor shown. The heating is by 
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coal, coke, or wood in the furnace D beneath the trough, and the 
flues are extended past the fire bridge and returned in cast-iron 
pipes reconnected in the breech pipe which forms the updraft 
shown in the far end of Fig. 144. It is especially designed 
for handling powders or granular materials which require 
agitation and will stand direct-fired plate heating. The fuel 
consumption is light, about 1 lb. coke to 6 lb. of water when 
dealing with materials having about 30 per cent, moisture. 

The power is applied by belt drive through reduction gearing 
to the stirrer shafts. 
The fan is driven by ' 

small independent belt. 
When erected, the ma- 
chine can be bricked in 
or not as desired for 
economy, but is built 
to work as a self-con- 
tained dryer with auto- 
matic feed, agitation, 
and delivery. The 
economy of fuel is well 
maintained by the 
return flue E, E, and the 
heat spaces H. The 
allowance for expan- 
sion and contraction at 
varying temperatures is 
provided for by the ad- 
justable couplings to the 
shafts of the beaters c, c. 

The section, Fig. 145, is taken through the centre of the 
machine looking from the far end of Fig. 144, and the pipe 
E and breech pipes G, g, form the suction outlet to the fan. 

The Lennox Plate Oven Dnjer, shown in Fig. 146 by elevation 
and part section, and in Fig. 147 by plan and part section, is 
a type of dryer which has many advantages for'^suitable 
material Among these advantages, compactness and the small 
floor space occupied are very conspicuous. 

Although cylindrical in shape the outer case does not 
revolve, hence this is not a cylinder dryer. This outer case is 




FIG. 145. — ^AGITATED TROC(JH DRYEEU 

SECTIONAL ELKVATIOy. 

(O. RobBon ft Co.) 
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gases or by pressure fan blast, while if the material is heavy 
an exhaust fan may also be used at the top. It will be noticed 




FIG. 149. — FIBMAN AGITATED OVEN DRYER. LONGITUDINAL SECTION. 

(Hanlove, AlUoit, it Co., Ltd.) 

that the air current is in opposite direction to the flow of the 
material. Of course this allows of very close drying, but 
with materials which will 
not permit of this the air 
current could be controlled 
by pressure in the down- 
wards direction with the 
flow of the material. The 
working mechanism is by 
spur gearing on to the 
central vertical shaft which 
rotates slowly and with 
small power. 

The Fh^ian Agitated 
Oven Dryer, although of 
cylindrical form, does not 
rotate, the outer casing be- 
ing stationary while the 
central shaft with its beaters 
revolves inside it, as will be 
seen in the two sectional 
elevations. Figs. 149 and 150. The machine, as shown in the 
general view, Fig. 148, is a self-contained belt-driven one, but 
may have its own engine. 

32 




FIG. 150. — FIRMAN AGITATED OVEN 

DRYER. TRANSVERSE SECTION. 

(Manlove, AUioM, * Go., Ltd.) 
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The casing consists of a horizontal steam-jacketed cylinder 
of steel plate with inlet, outlet, and gauge for the steam. It 
has removable covers for feeding and discharging the material. 
The steam and vapour are abstracted through a large outlet duct 
either by fan or pump according to the material. 

The agitating gear is very powerfid and thorough, con- 
tinuously sweeping the entire internal circumference of the 
cylinder with a series of special blades on strong arms connected 
by massive bosses to the central shaft. This slowly rotating 
shaft is driven by spur reduction wheels and pinion. The 
material may be fed in at the top while the machine is running, 
and is kept in constant motion, being lifted, turned over, and 
falling continuously, thus coming into fre(j[uent contact with 
the steam heated surfaces, liberating the vapours as well as 
warming thoroughly all over. When dried, the manhole cover 
at the lx)ttoin can be removed and the machine will automati- 
cally discharge itself into truck beneath. 

The steam heating allows of careful adjustment to suit each 
material, while the exhaust if offensive can ho condensed and 
made innocuous. Tlie machine is designed for dealing with 
wet pasty materials such as meat, fish, &c., wliether fresh or 
foul, and forms a suitable machine to follow the Johnstone pan 
dryer descril)ed on page 168, Figs. 82 and 83. The usual sizes 
are 13 ft. by 4 ft. and 13 ft. by 6 ft., carry good loads, and 
generally take eight houra for each charge. While receiving 
the charge as semi-liquid or pasty solids, these machines deliver 
them as mealy powders, more or less fine according to their 
nature, and quite free from objectionable odours. 

The Ayitatcd Trough Oven Bi^jcr, shown in Fig. 151 by a 
general view, is of a built-up sectional design having three or 
any otlier number of troughs superimposed u|X)ji each other. 

Each trough is of steel plate and steam jacketed with 
agitators revolving on its own central shaft. The agitator 
blade also slowly conveys tlie material, which on reaching the 
end drops into the next lower trough and is conveyed in the 
opposite direction. The material is thus continuously being 
brought into contact with the heated surfaces and exposed to 
the atmosphere, thus the vapour is removed by aeration as the 
troughs are open. 

The steam, either live or exhaust, can be fed into each jacket 
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direct or pass from the top one to the lower and so on into the 
steam trap. When open in all directions tlie heat losses are 
considerable, but these may be avoided by easing in and using 
forced draiight. 

The gearing for driving the agitator shaft is so arranged 
that the central one drives the upper and lower by spur gearing, 
thus ensuring uniforniity in speed and feed. 

This type of machine is specially suitable for granular 



materials, powders, &c., which do not cake or paste up. The 
heat and speed being of a positive supply nature, can he inter- 
r^ulated to suit a wide range of requirements. 

The Gardner {PaterU) Rapid Three-Tier Trmu/h Dryer is 
generally of the same construction as Fig. 151, but in place of 
the agitator blades has patent two-piteh mixer spirals in each 
trough. The enda, too, are interchangeable castings to which 
the steel trough is attached. 
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In Fig. 152 is illustrated the Imperial (Patent) Trmgh Dryer 
with complete covering and automatic feed Bcrew, It is speci- 
ally designed for grains, meal, sewage sludge, and similar 



materials. The trough is built up of strong cast-iron sections 
and tested to 160 lbs. per square inch altlioiigji intended to work 
at 90 lbs. per square inch. 
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By means of the special shovels the material is brought 
continually in contact with the inner heating surface, while the 
outer heating surface is utilised to warm a current of hot air 
which also passes over the material. 

The open brass doors show the internal construction and the 
special arrangement of rotating Ijeaters at the feed (or wet) end 
which loosen the wet material and make it more accessible to 
the air currents. When used for distillers' grains and dregs 
the shovels, bolts, and other fittings are of a special mixture of 
gun-metal to prevent corrosion and wear. The bearings are of 
bronze and readily accessible. The whole gear is automatic and 
driven by one belt. The thorough agitation of the material and 
the complete intimate contact with heated surfaces and hot air 
enables a rapid drying with a mealy product. The machine is 
self-contained and needs no foundation. 

The Fraser Reiiiovahle Tray Dryer, shown in Fig. 153, works 
under pressure hot air from a steam heater. The steam heater 
is of the Seagrave-Bevington type described on page 86, Fig. 40, 
the air being blown through by a centrifugal fan, wliich forces 
it through the nest of trays into the exhaust duct at the far end. 
The trays vary according to the material, and are fitted in 
nests of entirely enclosed oven sections. These sections can 
be assembled to the required capacity and worked as one 
machine. The entire machine is very compact, light, and 
transportable. Live or exhaust steam may be used, while the 
fan requires but small power. 

The Wheat Dryer ami Conditioiur shown in Fig. 154 is 
designed to further dry wheat which has been washed and 
passed through the whizzer (Fig. 28), the purpose being to draw 
the internal moisture from the centre of the berry to the outside 
skin. The general view, Fig. 154, and the two sectional eleva- 
tions. Fig. 155, A and B, have the appearance of the mechanism 
being much more complicated than is really tlie case. The 
machine consists of two vertical steel casings a and B, down 
which the corn gravitates from the two feed hoppers to the 
two delivery spouts. In each casing there are at intervals 
louvres D, which somewhat check the fall, cause the com to 
turn over, and act as vents for the air currents from the hot 
air chamber E by the inlets L, and to the fan ducts G by the 
outlets M. In the casing A is a row of steam pipes c, which 
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warm the grain by conduction, while in tiie foot of the machine 
is a 8team chest or battery of pipes F, which heat the incoming 



S3 

H 
ii 



air. In tlie casing b there are no steam pipes, as this allows 
the corn to cool down again, being further assisted by the cold 
air inlet and duct N. 
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The caaiiigs A 
and B are both kept 
full of corn by a 
supply, not shown, 
on to the automatic 
trays h, which are 
connected by the 
levera j to the out- 
let gatea j', tlnia 
n^ulating the feed 
by the delivery. 

By this simple 
gear, and without 
motive power, the 
corn is subjected to 
the heat of the 
steam pipes and the 
hot air, with ample 
divided exhaust, 
til lis wanning and 
thoroughly dr}'ing 
the corn, then sub- 
jecting it to a cold 
exhaust cuirent to 
cool ready for 
storage. Exhaus- 
tion further cleans 
t)ie wheat, and the 
fan discharges into 
a bin or a tyclone 
dust collector, not 
shown as it can be 
placeil in any con- 
venient position. 

Tlic floor space 
occupied is small, as 
a machine 3 ft. .'Jin. 
by 3 ft. 9 in, will 
treat 80 bushels per 
hour, the height be- 
ing about 28 ft 



14.— WHEAT DRVBB AND UONDITIOKER 
(patent), general VIKW. 
(T. BablDKn k Bon, Ltd.) 
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The StuHrvant SlitUtuj-Panii Own i>rycr, shown in Fig. 156, 
a compact installation worked by steam-heated hot air under 



fan pressure, having withdrawal section panels for exposing the 
goods. 
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The steam heater, fan, ducta, and eounections are of the 
kind described on page 87 (Fig, 41), The hot air blast is 
applied from above, and passing through the goods is, after 
absorbing its bnrden of moisture, blown into the open. 

The slide panels are built up with the hanging rods to form 
rigid horses for the goods, and are readily movable on the runner 
wheels and track. Each panel, being independent of the others, 
can be drawn singly if required, and with the minimum loss of 
heat, as the back closes the outlet, thus resealing the oven. 



Flo. 157,— BOTTLE AND JAR DBITKE. 
(SuldlSt V«Dlll4UDi 4Im1 l>iyi]ii Co., I4d.) 

This design is for laundry use, but can readily be adapted for 
yarns, piece goods, &c. 

The SiUdiffe Bottle Dryer, as illustrated in Fig, 157, is a 
machine for drying the insides of bottles, tins, jars, &c., and 
incidentally the outsides. The air, heated by steam radiator 
coil under the stand, is blown into a receptacle. This receptacle 
has a separate pipe or tap standing up in each bottle space. 
As the article is placed over the pipe, the heated air soon 
warms the article and expels all water in the form of vapour. 
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The economy of time and labour are considerable, especially 
when the dryer is placed adjacent to the washer. 

Scott* s Stationary Vacuum Oven (Fig. 158) dries without the 
air medium, working with a vacuum in the drying receptacle. 
Beside the oven (receptacle), the apparatus consists of a vacuum 
pump, a vapour condenser, and a water receiver. The oven is 
constructed of heavy cast-iron plates with strong ribs to resist 
the atmospheric pressure. The door and back are of plate 
steel, all the joints are machined to bolt together air-tight. 
The door is not hinged but runs on an overhead rail attached 
to the oven body. The door joint is hermetically sealed by a 
permanent rubber packing and swing bolts. The shelves are 
steam-heated grids all controlled by one valve at the back of 
the oven. 

The vacuum pump is of the vertical dry type with mechani- 
cally moved valves, usually direct steam driven, and has sub- 
stantial flywheel (see Fig. 64). 

The vapour condenser is of the patent double flow type 
with solid drawn brass tubes. The water receiver is of steel 
plate with sight hole and water gauge fittings to allow of easy 
inspection while working. 

In operating, the wet material is placed on nets or trays, 
which are then inserted between the heated grid shelves. 
When charged the door is closed and sealed, then the vacuum 
pump is started. As the vacuum increases the evaporation 
proceeds more rapidly at the temperature than it would do 
under atmospheric conditions, and the boiling point is lowered 
within the oven to a corresponding degree (see Table XI.). The 
abstracted vapour is cooled by the water circulated in the 
horizontal condenser, and as it condenses falls into the water 
receiver shown by the side of oven. So soon as the sight 
glass shows a stoppage of water deposit in the receiver the 
oven should be opened and emptied of the dried product. The 
period required varies with the nature and condition of the wet 
material, but in all cases the time saved is the great feature of 
the vacuum process. For the effective working of the plant, 
besides the apparatus mentioned there must be a steam supply 
for the pump, a good water circulation for the condenser, a 
steam trap for the exhaust steam from the grids, and the 
necessary steam and water pipes with valves, gauges, &c. The 
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ovens are made with standard size shelves more or less in 
number according to the output required. 

The drying can l)e carried to any degree of desiccation with 
great economy of heat and saving in time if worked by ex- 
perienced hands, according to the manufacturer's instructions 
^for the particular material. 

Fig. 159 is an elevation in part section of Sivtfs Patent 
Vacuum Mixtju/ Oven designed for close -laying materials 
which need agitation or constant mixing during the drying 




FIG. 159. — SC0TT*8 (patent) VACUUM MIXING TROUGH AND PLANT. ELEVATION. 

(O. Scott & Son, Ltd.) 



process. The principle of working is the same as the vacuum 
oven described above (Fig. 158), but by the patent concentric 
opposite-handed spirals a rapid and intimate mixing is main- 
tained in tlie charge. It is shown l)y the general view (Fig. 
160), in the form for batch working of 1 cwt. to 30 tons per 
charge, but by the use of patent feeders and dischargers with, 
a variation in the pitch of the interior spirals continuous 
working can be performed, the moist material entering at 
one end and leaving at the other end mixed and dried. 
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Brewers' grains, malt, hops, fish, crystals, and powders which 
do not cake hard can be dealt with by this machine. Fig. 161 
shows a series of five such working in battery. 

ScoWs Vacuum Continuous Own (Fig. 162) is especially 
designed to continuously produce a dry powder direct from 
the liquid without intermediate handling. The auxiliary 
appliances are the same as for the previously descril)ed 
vacuum apparatus, that is the vacuum pump, the double flow 
horizontal condenser, and the water receiver together with the 
necessary pipes and valves. 

The special feature is the oven or drying chamber which is 
of considerable length to contain a series of endless metallic 
bands supported and moved by driven rollers. The liquid is 
automatically spread over the metallic band at the receiving 
end, and as the band passes slowly along over and close to 
heated surface tlie liquid becomes dry by the time it reaches 
the delivery end. It is then automatically brushed off the band 
into a conveyor trough which discharges it out of the machine 
through a rotary valve outlet. Obviously by adjusting the 
heat and the speed of the bands the powder can be dried to 
any degree, and the feed and delivery l)eing automatic there 
is no labour required save to attend to the mechanical operations 
of tlie machine. Hence the special applicability to food pro- 
ducts and extracts which are preferably not to be handled. It 
will be noticed that each end of the drying chamber has a 
substantial steel crowned door to facilitate repairs, and these 
doors are carried on the runways similar t^j the stationary 
vacuum ovens (Fig. 158), while there are also smaller but strong 
inspection doors. 

The Paddimj Machine and Hot Flue, shown by general view. 
Fig. 163, empty and without enclosure, also by the part sec- 
tional elevation. Fig. 164, illustrates a complete range of 
padding and drying apparatus. The fabric is taken from the 
feeding trolley, or stillage, passed through the padding machine, 
then over a series of guide rollers, between the steam-heated 
chests and through a hot air chamber or flue to delivery 
trolley. The whole traverse is meclianical and automatic at an 
adjustal)le speed to suit the fabric under treatment. 

In the fore part of the chaml)er are a number of vertical flat 
steam plates placed at given distances apart and each having 
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its own steam inlet and outlet. These subject the moving 
fabric to an even, radiant heat on both sides, producing regular 
vaporisation and oxidation. The "hot flue," besides being 




PIG. 161. — Scott's (patent) vacuum mixing trough, pivb-trouoh battkry. 

(G. Soott & Son, Ltd.) 



steam heated by a coil of steam pipes from below, has a hot 
blast. This hot air is introduced by pressure fan blowing 
through a multitubular heater into an air distributing trunk. 
This trunk discharges its current evenly between the individual 
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folds of the fabric, 
ensuring rapid and 
equal evaporation 
and drying. The 
vapour laden air is 
aasiated to evacuate 
by means of a suc- 
tion duct and pro- 
peller exhauster. 

The apparatus is 
carried on a ateel 
framework built up 
of channels and bare 
of suital)le section 
to obtain rigidity 
and stability, the 
whole lieing cosed 
in with sheet- iittn 
plates. While the | a 



sible to the at- 



peratui-e and exact 
adjustment to tht; 
requirements from 
time to time. The 
relative position of 
the guide rollers, 
by avoiding long 
lengths of unsup- 






whole rooui is en- 
closed the windows 
allow the entire 
leugtli of the fabric h 1 

to be inspected, E ^ 

and every part of S 

the interior of the | 

machine is acces- § 
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tentlant. £ 

The steam con- | 

nections allow of a | 

wide range of tem- ^ 
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ported cloth, prevents sagging, and allows of more rapid 
traveree through the room, without risk of creasing. 

A Dryiiuj-room firr high-speed Printing MarJiim's is shown in 
Fig. 165, on somewhat similar lines to the preceding Figs. 163 
and 164. In this type the printed fabric pjisses in close 
proximity to a number of steel steam chests (usually twenty) 
supplied with high-pressure steam. Tlie drying chamber proper 
contains a large number of rollers round which the cloth is 
carried, making a continuous spiral until it passes over the 
large central driving roller. Up to this point only the 
unprinted side of the cloth has come in contact with the guide 
rollers, and it is so far dried as to avoid the danger of marking 
off or smearing of the colours, and the cloth can be allowed 
to return with its face to the rollers and between the laps of 
the entering spiral of cloth. 

The apparatus is self-contained and enclosed in a steel casing. 
The framework is on similar lines to tlie padding machine and 
hot flue (Fig. 163), and eitlier machine may be on the same 
floor witli the padding machine, as in Fig. 1 64, or on the floor 
above, as in Fig. 165. 

Desiccators. 

Characteristics. — Desiccators are drying machines which 
carry the operation of drying to the degree of abstracting all 
the free or uncombined water, and frecpiently a goodly portion 
of the combined water when the water is combined witli some 
volatile elements. Hence desiccatoi-s may be of any type of 
dryer which, working by evaporation, and working intensely, 
carry their usual operations to a more tliorough degree. 

The dangers inherent to the various dry products are natu- 
rally increased as tlie desiccation proceeds, and the machine 
needs designing in accordance, otherwise there is no essential 
difference from the usual types of kilns, stoves, cylinders, 
tunnels, rooms, and ovens previously desciibed. In fact, in 
many cases the difficulty is to prevent desiccation in j)ortions 
of the product, and in the direct-fired to avoid dehydration and 
calcination. There are many macliines especially designed for 
desiccation, but they need no description apart from the drying 
machines of the same type. 

Fig. 166, Scott's Patent Continuous Desiccator, is of the 
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vacuum type described under "Ovens," page 260, hence the 
auxiliary apparatus needs no further description. The desic- 
cating chamber shown in vertical elevation and part section has 
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some interesting mechanical features especially adapted for 
desiccating liquids and thin pastes. 

The liquid is automatically fed into a tray contained in the 
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outer air-exhaxisted casing by an adjustable suction device. The 
inner i>oli8lied revolving drum dips into this tray, and is thus 
thinly coated by the liquid. This inner drum l)eing heated by 
means of the steam inlet and outlet pipes shown in section 
through the trunnions, the coat of liquid rapidly dries on to the 
outer surface. The desiccating is accelerated and modified by 
the state of vacuum in the outer casing. Wlien the coat is 
desiccated to tlie required degree, which is performed during 
one revolution of tlie drum, it is met by some removing 
knives, which cause it to fall into a small conveyor. This 
conveyor is also witliin tlie outer casing, and discharges the 
desiccated product as a fine perfectly dry powder by means of 
a patent rotary valve (see Fig. 77). 

From the elevation the method of ov^ercoming the difficulty 
of rotating points at the trunnions can be seen to be by adjust- 
able glands, while the inner cylinder or drum and. the discharge 
conveyor are shown as driven by spur gearing at the necessarily 
slow speeds. Speed-varying devices are usually fitted to accom- 
modate requirements. 

Being automatic in feed, operation, and discharge, no 
handling or other labour is needed, hence the suitability of 
this machine for treating milk and other food products. 

Milne Twin Cylimkr Desiccator (Fig. 167) has two cylinders 
of 28 in. diameter and 5 ft. long, which revolve in opposite 
directions from the centre downwards. The cylinders are 
sprayed at the centre with the milk or other liquid to be 
desiccated. The lieat is by steam at 28 to 40 lb. per square 
inch to the interior of the cylinders. The liquid forms a film 
on the surface of the cylinders, and, becoming drier as they 
slowly revolve, is readily removed by the adjustable doctor 
knives shown near the top of the cylinders. The desiccated 
material falls into the receptacle at each side. The speed is 
about six to ten revolutions per minute by belt drive through 
the worm and wheel gear a])sorbing about 4 H.P. 

Each cylinder has its own connections and steam trap for 
removing the condensed water, and a joint reducing valve for 
adjustment of the steam pressure. They require al)out 900 lb. 
of steam per hour at 40 lb. per square inch to evaporate the 
liquid from 70 gals, of milk, and leave a desiccated powder. 

The machine is thus a self-contained complete apparatus for 
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desiecatbig liquids to powders occupying only 8 ft. by 10 ft, 
with a large output without auxiliary appliances. 

The Bwcas PorliiUr Cable. Dtisiecaior, as illiiatrated in 
Fig. 168, acts on the principle of injecting a current of dry 



(Ju.lllliHikSaii.Ltd.) 



compressed air into the cable which has to lie desiccated. The 
trolley on four wheels is conveniently drawn by hand to the 
manhole of the cable, as the total weight of the plant is alxtiit 
12 ewt. 
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The ap|Miratii8 eoiisists essentially of an air cympressor, an 
air receiver, desiccating cylindei-s and coiinectione, besides the 
motive gear. 

Tlie Boreas patent air compressor shown in the centre of 
the trolley is in this case driven throngh gearing liy an electric 
motor of alioiit 1 H.l'. The compressed air passcR from the com- 
pressor, through an intennediate air receiver, where a certain 



(Lacf-nulbort & Co., Ltd.) 

cooling effect takes place, to the four desiccating cylinders, 
which contain calcium chloride for aleorbing moisture from 
the air before it is forced into the cable. The usual working 
pressure of the plant is alwut 2.'> lb. per square inch at the 
compressor, but this may be iuci-eased- to snit the length of 
cable, as the machine can work to 60 lb. per square inch. 

The mechanism is self-eontainml and complete with motor, 
starter, double [Kile fuse and switch, and ampere meter. 
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The plant includes a suitable tool Iwx, hand tools, couplings, 
&c., while the carriage is siiruiounted hy a light frame cairying 
a waterproof canopy to cover the gear. Although here shown 
as electrically driven, it can be fitted with oil or spirit engine 
when advisable. 

The desiccating plant shown in Fig. 1G9 works on the 



i-ii;, Iti9.— Bj^iik's (patknt) coNTiNnons- 

(Bliir, Oimpbell, A H'Leu, Ltd.) 

vacuum principle by means of s])ecial vacuum pump vapour 
condenser and water receiver. The drying or desiccating 
chandler lias ateani-lieated trays 8uperiuii>osed one over ' the 
other. At each end of each tray there is a i-oller and over 
each pair of rollers is a continuous pliosphnr bronze band. The 
rollers are driven by worm and wheel goiring inside tlie 
machine and belt pulley on the outside with step cone to allow 
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of varying 8i)eeds. The i)roce88 of working is as follows: — 
The access doors are closed, the steam turned on in the trays, 
and the vacuum pump exliausts the cham])er. The rollers are 
then started and tliey cause a continuous traverse of the 
phosphor bronze bands. 

Tlie material (liquid) to be treated is conveyed into the 
chamber at one end by means of pipes with cocks, and then 
deposited or sprayed in a thin layer on eacli separate band. 
As each band travels along over the steam-lieated trays its 
layer of liquid is progressively dried, and by the time the 
material reaches the otlier end of the chaml)er it can be desic- 
cated to any required degree by varying the 8|)eed of traverse. 
When the metallic band turns round the far roller the dried 
product falls off into tlie delivery liopper beneath. 

There is thus a continuous feed and progressive drying with 
an automatic continuous discharge of the dried product into the 
delivery hopper, which can be emptied when re([uisite by shutting 
off the valve between tlie receiver and the chamber. 

Tlie time in traverse of the bands varies from ten to twenty 
minutes according to the character of the material and the 
degree of drying or desiccation desired. Tliere are windows or 
sight holes at the ends and sides of the cham])er to allow of 
inspection throughout the traverse, while the feed can be 
regulated by means of the feed valves. 

Autoclaves. 

Characteristics. — Autoclaves are not necessarily drying 
apparatus, being essentially self-fastening vessels to contain 
material while it is being subjected to pressure or vacuum. 
Many autoclaves are used as digesters for l>ones, meats, &c., 
but when used in connection with other operatit)ns, they fre- 
quently dry the material ])re])aratory to further manipulation. 
For instance, timber is thoroughly desiccated in steam-heated 
autoclaves working under a vacuimi, and when the entire mass 
has its j)()re8 completely emptied of sap and moisture, the vacuum 
is shut off. Then si)e»cial imjnegnating mixtures are introduced 
to the autoclaves under pressure, the natural result l)eing the 
complete impregnation throughout all parts of the tim]>er to a 
degree which would be impossible without the previous desic- 
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cation. Then in the case of hardening of sand-lime bricks in 
autoclaves, as delivei-ed to the autoclave on the trucks shown in 
Fig. 170, the bricks are simply mixtiirea of sand, lime and 
water held together as the result of the pressure they have 
undergone in a special brick press. If allowed to dry by 
exposure, no combination of these ingredients woxild take 
place. But by placing in an autoclave and subjecting to a 
temperature of about 300" Fahr,, while the water is intimately 
distributed throughout the mixture, chemical action is induced 
and the ingredients combine to fonn an insoluble silicate of 
lime. The combination of the several ingredients could not 



Yia. 170.— SAND-I4MB BJ 

(SuMllDr, SpMkmu. k Co., Ltd.) 

take place in a dry heat, btit at the same time it dries the 
bricks to a considerable degree. 

From the illustration the nature of the door is well seen. 
These doors are dished to stand the preaaure of about 120 lb. 
per square inch, and strengthened by the joint ring adapted for 
swing bolts. The hinge and spur sextant are worked by a hand- 
wheel and Iralanced by a weight to facilitate the movements. 
The cylinder, constructed of f-in, steel plate, is 6 ft. diameter, 
and about 30 ft. long, varying according to output. The shield, 
the end of which just shows in the print, prevents the con- 
densation water injuring the bricks, as the drip is considerable, 
35 
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and may injure 5 per cent, or more of the output. The process 
lasts eight to ten hours, during which ahout 120 lb. steam 
pressure is maintained, aud the cylinder cools down con- 
siderably. The admission of a new supply further reduces 
the teun>erature with consequent contraction in the cylinder, 
hence the necessity of ample provision in the material and 
erection of these aiitoclaves, for the constant changes. 

Fig. 171 shows a type of autoclave used for disinfecting 



FIG. 171.— DKLtPlNK-JOSBS AUTOCLAVK (pATRNT). 
(ThrMb DUmiselM Co., Ltd.) 

under the DcUjiine-Joiifs patnU by current pressure steam, the 
articles being thoroughly dried while remaining in the auto- 
clave. The machine consists of an outer steel shell lined with 
a continuous close coil of steam piping. I'reasure steam passes 
from the boiler through this coil into the disinfecting chamber 
by a perforated pii>e which lies at the bottom of the coil. The 
perforations are so arranged that the steam entering the 
chamber impinges on the coil. Superheating is impossible, as 
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the steam condensed upon entering the chamber is rapidly 
re-evaporated and remains saturated. The inner lining causes 
the air, which, wlien drying, is admitted at one end of the 
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no. 173. — DELEPINE-JONES DISINTECTINO HOUSE. 

(Thresh Dislnfeotor Ck)., Ltd.) 



ELEVATION. 



machine, to travel over the coil containing the pressure steam 
before it obtains access to the disinfecting chamber. 

The steam for working the disinfector may be of any initial 
pressure, and disinfection is arranged at any pressure required 
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lip to 20 11)., according to the nature of the work to be done, 
and is regulated by an adjustable safety valve. 

The doors are fastened or unfastened by a hand-wheel, thna 
dispensing with bolts and clamps, besides saving time, while 
the pressure aasists in making tight the joints. 

The process consists of placing the articles in the basket 
or on the books from tlie receiving (or infected) end, closing 
the door and putting on steam at the proper pressure, and 
tor the requisite time according to the work. Then shutting 
oflf the steam and opening the air inlet valve, a rapid current 
of hot air is drawn through the disinfecting ehamlier and the 



articles are thoroughly dried. Tlie delivery (or disinfected) 
door is opened and the goods removed. 

Fig. 172 gives the plan of a suitable building for working 
one of the disinfcctore expeditiously and efficiently. Fig. 173 
gives an elevation of the same installation. The arrangement is 
clearly one to saft^uard the goods from reinfection, while the 
working of the machine has stood all the l»actieriol(^eal testa. 

In diying articles which have been washed or manipulated 
in volatile oils or methylated spirits, it is advisable and econ- 
omical to nae a stove which is sealed up similar to an autoclave. 
The Evayoratiiig or Drtfiwj Stove illustrated in Fig. 174 is such 
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a stove as adopted to the hat trade, also dyeing and dry 
cleaning works. 

These stoves are built in copper, steel plate, or tinned steel 
plate, according to the nature of the liquor and purpose, while 
the size will be according to the kind of article and the method 
of handling same. 

The sealing of the door by claw bolts and the counter- 
balancing to facilitate opening and closing, as well as the 
tapering connection for exhaustion, are sliown on the illustra- 
tion. The internal arrangement, whether of racks, shelves, 
hooks, or trucks, varies according to the article to be treated. 
The diminislied risk of thus drying is apparent, while the 
vapours are condensed and purified for re-use. 
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GLOSSARY OF TERMS 

In order to simplify and make more explicit the descriptions 
it will be advisable to get a clear understanding of the terms 
used. Tlie terms are used very loosely in the ordinary course 
of trade, and in the catalogues of lieating and drying machinery 
which form the main literature on this subject. In fact, such 
catalogues form the only literature which is at all likely to 
pass into the hands of users. The absence of any previous 
book or recognised authority tends to produce and perpetuate 
this unfortunate tendency, thus making it the more necessary 
to define the terms as used in this book. 

It must be clearly understood tliat while the best known 
practice is followed in each case, the explanations will not 
always agree witli preconceived notions or commim usage. 
The terms are here defined as used in their technical sense, as 
applied to this branch of engineering and as used in this book, 
hence they will not in every case have the same meaning 
attaclied to them as given in the best standard general 
dictionaries. In some cases terms have purposely been defined 
to more distinctly mark a difference whicli is often ignored or 
confounded, ejj., stove, oven, furnace, kiln. 

Further, as this book is intended for those who want to 
learn about drying, it has not been thought advisable to 
omit explanation of the simple t6rms which all engineers are 
supposed to know, but may not remember their exact significance 
in relation to drying. For the same reason some terms are 
defined which are literally connected with drying terminology, 
but have no direct connection with drying practice. 

Many of the terms are not explained in the body of the 
book, although repeatedly used. The references and cross- 
references should be carefully made in order to realise the 
full significance of the definitions. 
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Absolute Moisture is measured by the weight of water actually present 

in the form of vapour in the unit of volume (c/. 
Humidity, and see page 8). 

Absolute Pressure of steam is the pressure above vacuum and is generally 

expressed by the amount either per square inch in lb. 
or in inches of mercury. By the Metric System kilos and millimetres 
replace lb. and inches. See Diagram I., and page 60. 

Accidental Water is the water present in a material which is not neces- 
sarily present for its then state. For instance, " dried 
fruits '' may be thoroughly wet after they have been ** dried " (cf. Dry 
Wood). 

Aeration. The circulation of air by natural means and at atmo- 

spheric pressures as distinguished from air currents 
produced mechanically by propeller, fan, or blower. 

Ageing Machine is a gradual drying machine for piece goods by pro- 
or Ager longed exposure to moderately warm air currents. 

Air Conditioner. An apparatus for dehumidifying the air by condensa- 
tion (refrigeration), chiefly used for air required dry 
at low temperatures and for blast furnace practice. 

Air Dry or Air- is a term applied to materials which have been dried 
dried by currents of air without any artificial heat. Many 

materials are so preferred although mainly because 
the application of heat without an increased air current tends to ^* cook " 
and ** cake up " the pores, e.g.j chalk, leather, and explosives. 

Air Meter is an instrument for measuring the velocity of air 

flowing through a given passage or orifice. It consists 
of a light and delicately constructed fan wheel whose motion is trans- 
mitted by a system of gearing to a dial. See page 66. 

Anemometer is an instrument for measuring the force and the 

velocity of the wind. There are many forms suitable 
for difiering conditions. See page 65. 

Anhydrate. To displace water, from a substance naturally con- 

taining it, by means of some other liquid, e.g.^ 
glycerin and alcohol are used to displace the water in animal matter, 
protoplasm, &c. 

Anhydrous. Without water in its composition, e.g., anhydrous 

ammonia, quick-lime, plaster of Paris. 

Artificial Drying is the removal of water or moisture from solids or 

semi-solids under other than natural conditions. All 
drying is performed by natural means but the conditions of application 
vary greatly. Vacuum drying is the most artificial of the processes. 
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Atmospheres. See Atmospheric Pressure. 

Atmospheric The atmosphere encircles the earth with a layer some 

Pressure. 50 to 100 miles in thickness. This heavy fluid mass 

exerts on the surface of all bodies a pressure entirely 
analogous both in nature and origin to that sustained by a body wholly 
immersed in a liquid. At sea level this pressure is equal to 14*7 lb. to 
the square inch of surface, say roughly 15 lb. A gas or liquid which 
acts in such a manner that a square inch of surface is exposed to a 
pressure of 15 lb. is called a pressure of one atmosphere. If for instance 
the elastic force or tension of the steam of a boiler is so great that each 
square inch of the internal surface is exposed to a pressure of 90 lb. 
( = 6 X 1 5), we say it is under a pressure of six atmospheres. This atmo- 
spheric pressure is measured by barometers of which there are various 
types. One atmosphere equals 760 mm. (29 '921 in.) pressure of mercury. 

Atmosphedc Pro- is the plan of drying by air at the ordinary pressure 
cess of Drying: of the atmosphere without any mechanical assistance 

to increase the draught. See Aeration. 

Atom. An atom is the smallest portion of an element 

which can exist in the molecule of any one of its 
compounds (c/. Molecule). 

Atomiser. An apparatus to reduce liquid to spray (c/. Vaporiser). 

Autoclaves are self-fastening vessels in which timber, sand, lime, 

(Auto-clavis) bricks, and other materials are subjected to heat by 

steam or hot air under pressura Sometimes they 
are exhausted of air preliminary to applying the pressure. Used for 
desiccating, impregnating, digesting, sterilising, disinfecting, and assisting 
steam action. They usually consist of stationary cylindrical vessels with 
domed ends constructed of iron or steel, and provided with a removable 
cover so constructed that the pressure increases the tightness of the 
joint Sometimes live steam or other vapours are injected, sometimes 
they are steam jacketed. They always need a suitable safety valve. 

Board of Trade is the unit of electrical energy as stipulated by 
Unit (B.T.U.) the Board of Trade, and equals 1,000 Watt-hours, or 

U horse-power per hour (746 Watts equal 1 horse- 
power of electrical energy). 

Boiling: or A liquid is in ebullition (or boils) when it gives off 

Ebullition. vapour of the same pressure as the atmosphere above 

it Hence boiling point will vary as does the pressure 
and the character of the liquid. Boiling is the rapid production of 
vapour in the mass of a liquid itself (cf. Evaporation). 

Brat or Brattice is cloth or canvas used on endless conveyors when 

of an open nature to allow the drainage or aeration 
of the material (see page 154). As this cloth forms the travelling 
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surface of the conveyor, the term *' brat '' is (in Lancashire) sometimes 
applied to the travelling surface whether of cloth or not. 

British Thermal or the British unit of heat is the quantity of heat 
Unit (B.TIlU.) necessary to raise the temperature of I lb. of pure 

water by 1° Fahr. at 391' Fahr. (c/. Calorie). 
Note,— One B.Th.U.=0'252 calorie. 

horse-power =2,565 B.Th.U. per hour. 
B.Th.U.-772ft-lb. 






B.Th.U. See British Thermal Unit (for Heat). 

B.T.U. See Board of Trade Unit (for Electrical Energy). 

C. or Centififrade is used to denote degrees of temperature as shown 

on the scale devised by Celsius for use with ther- 
mometers. Dividing the quantity of heat used in raising pure water 
just melted from ice to water just commencing to boil into 100 parts or 
grades, it is called the Centigrade (r/. Fahrenheit). 

Calcining. Reducing to a calc or powder by the action of heat 

alone (c/. Roasting). 

Calender (a cor- A machine for smoothing and dressing cloth or paper 
ruption of by passing over one or more cylinders generally 

Cylinder). during the operation of drying. See page 198. 

Calorie. The French thermal unit is the quantity of heat 

necessary to raise the temperature of 1 kilogram of 
pure water by V Cent, at 0" Cent. (r/. B.Th.U.). 
Note.— One calorie =3968 B.Th.U. 

Calorifier. Heaters are sometimes so-called from the French 

calort/^re. 

Calorimetry is the measurement of the quantity of heat. The 

quantity of thermal energy is usually defined by the 
extent to which it raises a known weight of a known substance at a 
known temperature. The unit chosen is called the Thermal Unit. 
The British Thermal Unit is the quantity which raises 1 lb. of pure water 
at 39 r Fahr. through V Fahr., and its mechanical equivalent is 772 
ft. -lb. Thermal quantities are measured by calorimeters. 

Capillarity or is the form of molecular attraction or repulsion 

Capillary which acts when fine tubes are partly inserted in a 

Attraction fluid, e.g., the oil in a lamp wick. See page 24. 

Centrifugal Force is that natural force by which bodies rapidly revolving 

about a centre have a tendency to fly off at a tangent 
from the circumference of its carrier. The force which impels a 
revolving body away from the centre of its orbit. The faster the velocity 
the greater the centrifugal force, and the more readily the revolving 
b9dy is impelled away from the centre. See page 36. 
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Centrifug^als are machines utilising Nature's force which impels a 

revolving body away from the centre of its orbit 
Here used as applied to those machines used to separate solids from 
liquids, but it is also in connection with centrifugal pumps, centrifugal 
disintegrators, centrifugal screens, centrifugal separators, and centrifugal 
fans. In each class of machine the rotary motion of some portion causes 
the material to revolve about the axis of that part, and to receive a 
centrifugal tendency utilised for drying, separating, screening, dis- 
integrating, pumping, and blowing respectively. 

Checking:, as applied to lumber drying, is the undue closing up 

of the pores by the hardening of the albumen and 
resins in the sap before the watery constituents have been abstracted. 
These hardened constituents expand with the increasing temperature, 
and cause cracks in the timber. 

Coefficient of is the factor or multiplier representing the amount of 

Expansion increase in the volume of a given substance on a rise 

of temperature of 1". 

For fixed gases— Fahr. " = tU = '00204. 

Cent. ° = ,iu = -00366. 

Formula, — To find the volume of air or any fixed gas after an 
increase of temperature. 

V2= V, + V,(-O0204 X (T2-T,)) = V(l + '00204 x (Tg- T,)). 

Where Vi = Volume at original temperature, 
Va= Volume at increased temperature, 
Ti = Temperature original in Fahr. ^ 
T,; = Increased temperature in Fahr. ^ 

Coefficient of is the factor or multiplier for calculating the loss of 

Transmission heat in B.Th.U. per hour for T of difference in 

temperature between the two sides of the material 
through which the heat is transmitted. See Table XVI. 

Conditioner is applied to a variety of apparatus to obtain 

uniformity of condition as to the percentage of 
moisture. See Humidifier and Air Conditioner. 

Condition Gauge is an indicator of relative condition as to moisture 

by variation in weight of the same volume. See 
Oravimeter, page 6. 

Conditioning: An apparatus used to obtain a definite degree of 

Oven. dryness in samples so that they may be tested in a 

uniform state for an accurate comparison. 

Conduction. The distribution or passage of heat, electricity, (fee, 

through matter by its transfer from particle to 
particle {cf. Convection). 
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Convection is the difltribution of heat, electricity, ifec, by the 

transfer of heated particles from place to place (r/. 
CoDductioD, Radiation). 

Crusted Goods, partly tanned leather as it leaves the drying stoves, 

so called from its extreme hardness. 

Cycloidal Blower. A blowing fan or machine in which the impellers are 

made in epi-cycloidal and hypo-cycloidal curves and 
rotate into each other. 

Cylinder (Drying) is used in those cases when the drying portion of the 

apparatus is essentially a cylinder in order to allow 
of a rotary motion, not where the apparatus or part thereof is merely 
cylindrical, but stationary. See Chap. IX. 

Damp, for the purpose of comparing the humidity of solids 

and semi-solids, is here used when the moisture is 
apparent without touching the substance. See Chap. I. 

Decantation. The process allowing water with solids in suspension 

to pstss through one or more tanks where the solids 
precipitate and the surplus water flows over and away. See page 16. 

Dehydrated, for the purpose of comparing the humidity of solids 

and semi-solids, is here used when the water held in 
chemical combination has been removed. See Chap. I. 

Dehydration is the removal of water from any compound containing 

it as a con.stituent. The removal of water as an 
element in the composition of a substance. 

Deliquescent Certain salts, when exposed to moist air, attract its 

moisture and liquefy in the water so attracted. Such 
salts are said to be deitqitfscent or hygroscopic^ and to deliquesce. Such 
salts may be used to dry air or other. gases. Chloride of calcium, 
potash, quicklime, carbonate of potash, sulphuric acid, zinc chloride, 
<&c., have this property. 

Desiccant (n.). A substance which tends to dry up other substances, 

generally by its own greater affinity for water. 

Desiccate (v). To expel moisture from ; especially to bring to a 

thoroughly dry state. 

Desiccated, for the purpose of comparing the humidity of solids 

and semi-solids, is here used when all the free water 
which has been held as a chemical mixture has been abstracted. See 
Chap. I. 

Desiccating^. The act or process of depriving of moisture, especially 

the evaporation of the aqueous portion of a substance, 
as wood, meat, fruit, milk, Ac, by artificial heat, as by a current of 
heated air. 
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Desiccation are the cracks or fissures caused by the desiccation or 

Cracks (Geology) drying of the ground, generally arising from the 

outside (or surface) drying and shrinking more 
rapidly than the inside or lower layers. 

Desiccatives Drying medicines. 

(Medical). 

Desiccator. A machine or apparatus for drying something very 

thoroughly. It may be any type of dryer working to 
a high degree of dryness, practically abstracting all the water held as a 
chemical mixture, i,e,, uncombined. 

Dewater. Used in mining practice to denote the removal of 

the water and soluble constituents from the solid 
particles. See page 18. 

Dew Point When a mixture of air and vapour is cooled down at 

constant pressure until the vapour is at saturation, 
the temperature at which saturation occurs is called the dew point of 
the original mass ; and if the mixture be cooled below the dew point, 
some of the vapour will be condensed. See Humidity. 

Distillation is the process of heating in a vessel and condensing 

the vapour so formed. Generally the condensation 
of the vapour is the primary object, and is performed in a tube 
surrounded by cold water, communicating with another vessel called the 
receiver. 

Drafif (Distilling). The refuse of malt which has been brewed from. 

Draft Gauge is for measuring low air pressures and vacuum, 

especially the draught in ducts, flues, and furnace up- 
takes. Usually it is of the syphon form, with graduated scale showing 
the aspiration of the air current in inches of water. See page 96. 

Dried, for the purpose of comparing the humidity of solids 

and semi-solids, is here used when some of the normal 
moisture has been abstracted. See Chap. I. 

Driers are substances which hasten the oxidation of the oil 

(Painting) and are usually added to paints. Some pigments have 

this quality, e.g., white lead, red lead, lead chrome. 
The principal driers are sugar of lead, patent driers, litharge, sulphate 
of zinc, manganese borate, manganese acetate. See also Liquid Driers, 
Soluble Driers. 

Drops. The globules of water which drop in evaporating 

rooms when the air becomes saturated. See page 25. 

Drosometer. An instrument for measuring the amount of dew 

that collects on the surface of a body exposed to the 
open air during the night It usually consists of a plate to receive the 
dew, balanced by a weight which is protected from the dew. 
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Drosophore. An apparatus for maintainlDg the proper degree of 

humidity in weaving and spinning mills by a com- 
bination of atomisers and air currents. See Humidifiers. 

Dry, for the purpose of comparing the humidity of solids 

and semi-solids, is here used when the moisture is not 
apparent to the touch, but the mass contains the normal characteristic 
moisture of its comiK)6ition. See Chap. I. 

Dry (Cornish). A " dry " is the local name in Cornwall for the drying 

floor of large fire-clay tiles, under which are a number 
of flues, used for drying china clay. See page 162. 

Dry Air denotes air whose humidity is zero. That is, there is 

no moisture in the same space. There is no '^dry 
air'' under natural conditions, although under extreme cold the amount 
of moisture in a given space may be so small as to be inappreciable. The 
characteristics given in weight, volume, elastic force, (be., are derived by 
assuming the entire absence of moisture. 

Dry Air Blast The air is dried by refrigeration before being heated 
(Smelting). and forced by flowing engines into the most modern 

blast furnaces, as it is found to increase the efiiciency. 

Dry-beat. To inflict dry blows, to beat severely without drawing 

blood. 

Dry Blower A portable machine for separating and sifting dry gold 

(Mining). ore by means of shaking and an air current (r/. Dry- 

Washer). 

Dry Bones are those which have had their grease thoroughly 

removed, geneially in an autoclave digester. 

Dry Bottom A puddling furnace is said to have a dry bottom when 

(Smelting). the slag is not allowed to accumulate, but is drawn 

off as frequently as possible. 

Dry-cleaning. Cleansing by naphthalene or other spirit solvent in the 

place of water. 

Dry Coals. The semi-anthracite coals of South Wales which 

burn readily with much flame and little smoke are 
known as " dry " or " steam coals." 

Dry Compression The system of compressing ammonia without the 
(Refrigeration). addition of liquid ammonia, the superheat of com- 
pression being removed by a water current in a 
condenser. 

Dry Copper. " Dry " is applied to copper which is unduly brittle 

in texture owing to faulty manipulation in its 
production. 
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Dry Distillation. The destruction of a substance in a closed vessel and 

the collection of the volatile matters evolved. Thus 
illuminating gqs is a product of the dry or destructive distillation 
of coal. 

Dry Dock A dock which can be emptied and kept dry for 

repair of ships, «fec. 

Dry Dyeing: is dyeing in a volatile spirit without water. 

Dryer. A contrivance or apparatus to remove moisture from 

solid bodies. See Filter, Filter Press, Vacuum Filter, 
Hydro-Extractor, Centrifugal, Floors, Gantries, Pans, Sheds, Kilns, 
Stoves, Cylinders, Tunnels, Rooms, Ovens, Desiccators, Auto-claves. 

Dryer A type of filter to take out any water from ammonia 

(Refrigeration). gas. It is generally charged with freshly unslaked 

burnt lime, and attached to the suction pipe of 
the ammonia compressor when in use. 

Dryer-man, A man who works some drying process or drying 

machine. 

Dryery. A drying establishment, including the buildings as 

well as the machinery and apparatus. 

Dry-fat. A vat or vessel to hold " dry " articles as distinguished 

from liquids. 

Dry Felts. The felting on drying cylinders used in paper-making, 

<&c. See Chap. IX. 

Dry Fining'. A process of polishing metals when a fine surface is 

required, subsequently to the ordinary polishing ; the 
article is finished upon a grained wheel dry, i.e.^ without grease or paste. 

Dry Fly (Fishing). The "dry" fly is covered with grease or paraffin to 

prevent it getting wet so that it may float on the 
top of the water. 

Dry-foot Without wetting the foot. 

Dry-founder . To render lame (horse) by inflammation of the foot. 
(Veterinary). 

Dry Fruits Fruits having a thin pericarp and little or no juice, as 

(Botany). distinguished from "succulent" fruits which are 

more or less pulpy. 

Dry Gas Ammonia gas from which all water has been taken, 

(Refrigeration). t.«., anhydrous ammonia. 

Dry Goods. Draperies, tfrc, as distinguished from groceries. 

Dry Heat Heating by steam, but not allowing the steam to 

escape into the heated space, 

38 
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Dry Horses. The frames on which the goods are placed to dry. 

They are generally movable and interchangeable. 
Used in drying ovens or cabinet& See Chap. XI. 

Drying: is the operation of separating some portion of the 

water from mixtures containing more or less solid 
constituents. See Soaked, Wet, Unwatered, Damp, Moist, Dry, Dried, 
Desiccated, Dehydrated. 

Drying: Oils. Those oils which become dry and solid on ex- 

posure to the oxygen of the air, e.g,^ linseed, hemp, 
poppy, almond, and colza. 

Drying Press A press with heated table for drying under pressure 

(Stereography). the moulds for stereotyping. 

Drying Tower. A tower used to dry the raw material of Portland 

cement before grinding. 

Dry-kiln A timber drying oven or kiln. 

(American). 

Dry-lime The process of using lime in a comparatively dry 

Purification (Qas). ('* moist ") state for gas purification as distinguished 

from using it in the semi-liquid state. 

Dry Main (Qas) is the second main or pipe from the retorts ; it 

receives the gas partially dried by the deposits 
in the " Hydraulic " main. 

Dry Measure. The British unit of capacity for grain and dry 

materials is the Imperial bushel, which contains 
2218192 cub. in. 

Dry Meter (Qas). An instrument for measuring gas without any water 

seal. 

Dry-moulding:. Moulding in sand which is afterwards dried before 

being used to cast. Used whenever castings are 
required of a superior quality from full patterns. 

Dry Multures Quantity of corn paid to a mill whether the payers 

(Scotch). grind or not. 

Dryness Fraction Expresses the relation between the vapour and the 
(Steam). liquid in steam during expansion in a steam engine 

cylinder. It can readily be calculated from the 
indicator diagram. The terra had no direct connection with drying or 
desiccating. 

Dry Picking: The sorting of esparto before boiling in order to pick 

(Paper). out the roots, dirt, &c. After boiling it is again 

sorted or wet picked. 
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Dry-pile (£lectric). A number of discs of leather, paper, &c., coated on 

one side with an electro-negative and on the other 
with an electro-positive substance, which form a dry voltaic battery of 
limited power. Used for thermal indicating and laboratory purposes. 

Dry Pipe (Steam). A collecting pipe in a boiler which is slotted or per- 
forated to ensure dry steam. 

Dry Plate Ready prepared sensitive plates which are dried and 

(Photographic). act on exposure without moistening. 

Dry Point A form of mezzotint eograving in line. As the point 

(£ngraviug). of the stylus makes its scratch on the copper, it 

leaves a bur which retains the ink. Where the bur 
is removed remains dry, and gives the effect in printing. 

Dry Pressed Bricks compressed in the mould while in a dry state 

Bricks. to obtain a superior finish, denser and better surface. 

Dry Process is that process of cement manufacture in which the 

(Cement). " dry '' materials are ground together to an impalpable 

powder or " Hour,'' and subsequently mixed to correct 
chemical proportions. 

Dry-puddling^ The method of puddling in a reverberatory furnace 

(Iron). where the metal is not allowed to pass beyond the 

pasty condition, as distinguished from pig-boiling, 
where the metal is in a molten state. 

Dry Rent (Law). A rent reserved without clause of distress. 

Dry Rolls In paper manufacture hollow cylinders of copper, 

(Paper). brass, and cast iron are heated internally by steam 

passing through their trunnions to dry the paper 
web as it passes the compressing rolls. See Chap. IX. 

Dry-rot (Timber). A decay of timber caused by fungi which reduce to a 

dry brittle mass. The fungi develop most rapidly 
in a stagnant and moist atmosphere. 

Drysalter. Originally a dealer in goods dried by salting, e,g.y 

dried meat, dried fish, kc. Now generally applied 
to a dealer in dry ^ums, dry dyes, dry drugs, <Su;. 

Dry-sand. A moulder's term for a mixture of strong sands, 

coal dust, and dung used to form moulds which are 
dried by or in a stove before pouring in the metal. See Chap. IX. 

Dry Scrubber (Gas). See Scrubber. 

Dry Soap. A powdered soap made from a mixture of ordinary 

soap and soda crystals. The mixture dries on cooling, 
and can then be ground. 

Dry Steam is saturated steam {q.v.). 
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Dry Walling^ Walls built up without mortar or cement in the 

(Mining). joints. 

Dry Washer A sifting and separating machine used in Australia 

(Mining). to separate the gold ore from the gangue. In other 

parts usually called a Dry Blower (q-v,). 

Dry Well (Gas) is the well or pit for stand-pipe connections of 

a gasholder tank. For the convenience of work- 
ing it contains no water. 

Dry Wood. Timber from which the sap has been removed either 

by seasoning or artificially. In other words it has 
the water incidental to its growth removed, but may be more or less wet 
with accidental water. 

Duct. A pipe or passage for leading air or vapour either by 

pressure ur suction. If smoke or other products of 
combustion pass through, it is then called a iiue or chimney. 

Ebullition. See Boiling. 

EfiQorescence. Some salts lose the whole or part of their water of 

crystallisation in moderately dry air, even at ordinary 
temperatures, and are said to eJfioreBce. The efHorescence arises from 
capillarity ; the solution rising against the side of the vessel, the water 
evaporates, and the salt forms on the side a means of furthering still 
more the ascent of a liquid. See Chap. II. 

Eliminator. See Water Eliminator. 

Equalising is a closed chamber for allowing air to mingle to 

Chamber ensure an equal thermal condition at the outlet 

Evaporation. Most liquids and some solid?, when left to themselves 

in contact with the atmosphere, gradually pass into 
the state of vapour. The rate of this evaporation varies greatly with 
different materials, and is always accelerated by an increase of tempera- 
ture. It occurs over a very wide range of temperatures, but there appears 
to be a temperature for each substance below which evaporation is 
insensible, if there be any at all. As compared with boiling, evaporation 
especially refers to the slow production of vapour at the free surface of a 
liquid (c/. Vaporisation). 

Evaporometer. An instrument for ascertaining the quantity of a 

fluid evaporated in a given time (c/ Vaporimeter). 

Exhaust Process is the plan of drying when the draught is assisted by 
of Drying^ propeller or fan withdrawing or exhausting the air, 

thus accelerating its velocity and lessening thepressure 
in the dryer. See Chap. VI. 

Exsiccator is a means of abstracting moisture, chiefly applied to 

paints, varnishes, <&c. 
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Fahr. or is used to denote degrees of temperature as shown on 

Fahrenheit the scale devised by Fahrenheit for use with ther- 

mometers. The fixed points are regulated by the 
normal atmospheric pressure of 29*921 in. of mercury, when water 
solidifies at 32° Fahr. and water boils at 212'' Fahr. (c/. Thermometer 
Scales). 

Filter Press is an apparatus in which semi-solids and wet solids 

are subjected to pressing in order to extract the water 
or other liquid. Essentially it is built up of sections in which filtering 
is performed under pressure. See Chap. III. 

Floor (Drying) is a floor adapted for drying purposes (in a more or 

less degree) and on which the material to be dried 
is placed. It may or may not be heated by flues. See Chap. VIII. 

Flue. A pipe or passage for smoke and the products of 

combustion. 

Foot-pound is the unit of work or energy, being one pound 

(avoirdupois) lifted one foot. 

French or 1 metre = 39 "S? in. 

Metric Units. 1 kilometre =3280*869 ft. 

1 sq. metre= 10*764 Bq. ft. 

1 sq. centimetre=*155 sq. in. 

1 cub. metre =35-3166 cub. ft. 

1 cub. centimetre —'061 cub. in. 

1 kilogram me =2*2 lb. 

1 litre = '22 imp. gal. 

1 kilogramme persq. metre =*205 lb. per sq. ft. 
1 kilogramme per sq. centimetre =14*22 lb. per sq. in. 
1 calorie per kilogramme = 1*8 B.Th.U. per lb. 
1 calorie =3*968 B.Th.U. 

Furnace. A structure in which to make and maintain a fire, 

the heat of which is to be used for some mechanica 
purpose. A combustion chamber. 

Gantry (Drying). A framework of an open nature to support materials 

(or vessels containing materials) in a convenient 
manner for drying. It may or may not be in the open air, shed, room, 
or oven. See Chap. VIII. 

Gassing The process of singeing the hairy filaments of cotton and 

(Textile). other textile fabrics. See page 156. 

Gauge Pressure is pressure shown by the st-eam gauge, which indicates 

only the amount of the pressure in the vessel above 
the normal pressure of the atmosphere, so that it represents the 
difference of the pressures on the inside and outside of the steam vessel. 
In order to obtain the total pressure above vacuum of the steam, add 
15 lb. to the gauge pressure. 
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Gravimeter is an indicator of varying weight of equal balks of 

similar material See Fig. 4. 

Gravitation is the force by which all terrestrial bodies are drawn 

towards the centre of the earth. This causes all 
liquids to run downwards, hence to drain away. It causes all hanging 
particles to fall through liquids or gases, hence precipitate. 

Heat, according to the best authorities, is not a substance 

but a condition of matter. By the theory of undula- 
tion the heat of a body is caused by an extremely rapid oscillating or 
vibratory motion of its molecules ; and the hottest bodies are those in 
which the vibrations have the greatest velocity and greatest amplitude. 
The quantity of this molecular motion is measured in heat units (see 
B.Th.U.) by calorimeters. Owing to the different thermal capacities of 
different bodies the same quantity of units does not always produce the 
same intensity of heat, and so become sensible heat evident by ther- 
mometer or pyrometer as temperature. See Chap. IV. 

Heaters. A term applied to nests of concentrated radiating 

surfaces. See Chap. V. 

High Dried. A term applied to fish which have been dried 

throughout so that they will keep for long periods, 
for instance '^red" herrings, as distinguished from those which are 
surface dried only to keep a short period, such as haddocks. 

Hot Flue applied to the enclosed space where drying is per- 

(Textile), formed by a blast of hot air as distinguished from 

heating by radiation and exhausting the vapour. 

See Chap. XI. 

Humidifier. An apparatus for increasing the humidity of the air 

and maintaining the humidity at a required degree. 
Especially requisite in textile working (c/ Vaporising Stove). 

Humidity is the term applied to the condition of the atmo- 

sphere with relation to the amount of water which 
it holds in suspension as aqueous vapour. See Absolute Moisture, 
Relative Humidity, Saturation, and Chap. I. as applied to solid or 
semi- solid substances. 

Humidors A hygrometer of any practical form. 

(American). 

Hydraulic Main is the primary main from the retorts, and besides 
(Qas) acting as a self-acting seal valve and shut-off* for the 

gas when the mouthpieces of the retorts are open, it 
also assists the deposit of the '^ wet " components of the gas before they 
enter the dry main (q.v.). 

Hydrous. Containing water in combination. 
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Hydro- Extractors are centrifugal drying machines with the basket 

specially designed to handle textile fabrics and fibrous 
materials. The term is essentially more distinctive of its purpose than 
centrifugal, which term is equally applicable to machines utilised for 
altogether different processes, as pumping, screening, disintegrating, 
and pneumatic separating. See Chap. II. 

Hygjodeik. A form of hygrometer with scale attached. See 

Fig. 1. 

Hygfrometers are instruments for measuring the hygrometric state 

of the air, that is its relative humidity, and there are 
many types. See Chap. I. 

Hygfroscopic is the amount of water which any material gives up 

Water or receives from exposure to the varying atmospheric 

conditions as to humidity. It varies with the con- 
dition, and each materiaPs idiosyncrasies. 

Incidental Water is the water essential to the maintenance of the state 

of a material. For instance, a dry apple contains a 

arge percentage of moisture, incidental to its natural state. A '^dry" 

apple still has a small amount of incidental water (c/. Accidental Water). 

Incineration. The action or process of burning to ashes. To drive 

off by heat all volatile and combustible constituents 
of a substance. 

J, or Joule, is the mechanical equivalent of heat. 

Kiln (Drying). A building containing a furnace or combustion 

chamber, the direct heat of which is used for drying 
materials in the same chamber. 

Latent Heat in a liquid is the quantity of heat which was required 

to convert a unit weight of its solid into a liquid at 
the same temperature In a vapour latent heat is the quantity required 
to convert a unit weight of the liquid into a vapour at the same tem- 
perature. In each case it is the quantity which disappears at the 
moment of change and cannot be measured by the thermometer or pyro- 
meter. This latent heat is again rendered zeruihle whenever the vapour 
or liquid respectively returns to the liquid or solid state. 

Formula. — The latent heat of aqueous vapour may be found by 

Ld = 966--71(T/-212''). 
Where Ld = Latent heat. 

Td=Temp. of vapour. 

Latent Heat of is the quantity of heat required to convert a solid 
Liquefaction into a liquid state at the same temperature. Thus 

1 lb. of ice at 32" Fahr. requires 1424 B.Th.U. to pro- 
duce water at 32° Fahr. Water (1 lb.) emits 142'4 B.Th.U. on becoming 
ice. Therefore 142'4 is the latent heat of liquefaction for water ; tin, 
25-6 B.Th.U. ; iron, 233*0 B.Th.U, 
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Relative Humidity of the atmosphere is the amount of moisture which 

it contains at compared with that of complete 
saturation at the given temperature and pressure as indicated by the 
hygrometer (see Humidity). This ratio is also called the hygrometric 
state or degree of saturation. See Chap. I. 

Residnal Motstnre. The air of a drying chamber being hotter than the 

air outside has a greater capacity for water. Hence 
the air entangled with the goods removed from the drying chamber has 
a greater quantity of vapour than the outside air can carry, and this 
vapour causes the moist feel of the goods till it has dissipated into the air. 

Retorrefying The re-drying of barley, Ac., by hot air currents, 

(Barley). generally restricted to the mechanical application of 

the hot air, e.^., in a rotary kiln. 

Revolving is a movement of a body about a centre outside of 

itself (cf. Rotating, Rolling). 

Roasting. The application of heat at a temperature below the 

melting point of the ore where a chemical change is 
involved resulting in the addition of an element (cf. Calcining). 

Rolling^. A body is said to roll when successive portions of its 

surface continuously touch successive portions of 
another surface, e,g.j two friction pulleys, belt on pulley (cf. Rotating, 
Revolving). 

Room (Drying) is an enclosed chamber adapted to or used for drying 

into which it is necessary to enter in order to charge 
or discharge (cf. Oven). 

Rotary (ac^.). Moving about one's own axis or centre (cf. Revolving). 

Rotating is a circular motion of any body about its own axis 

or centre (cf Revolving, Rolling). 

Saturated Mix- is the term applied to a mixture of air and aqueous 
ture (of Air and vapour at any temperature when the fall amount of 
Vapour) air and aqueous vapour po.ssible at that tempera- 

ture. More air might be introduced under increased 
pressure, but if any more aqueous vapour were added then some must at 
once liquefy. Any reduction of temperature would cause the deposition 
of moisture. So that if *^ dew point" coincides with the given tempera- 
ture then the air is saturated. Saturated mixtures are of rare occur- 
rence in nature, and in efficient economical artificial drying never used. 

Saturated Steam is steam in contact with water at a greater pressure 

than the atmosphere. Hence they must necessarily 
both be in a closed vessel. 

Saturation of air by vapour is denoted as a percentage of the 

vapour which would entirely fill the same space at 
the same temperature if there were no air present See Humidity. 
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Scrubber (Qelb) is a vessel charged with coke, drain tiles, or other 

coDvenient materials for breaking up the currents of 
gas into minute streams. Being thus cooled, the gas deposits its tar 
and other liquid components, hence they are generally called ^^Dry 
Scrubbers/' At coal gas works the scrubber is generally a cast-iron 
vessel of large diameter, but in producer gas plants it is mostly of 
wrought steel and smaller in size. 

Sensible Heat is the heat which is apparent and capable of measure- 
ment by thermometer or pyrometer (c/. Temperature). 

Shed (Drying). A covered space open for the natural air currents of 

the surrounding atmosphere to carry away the vapour 
during drying operations. See Chap. YIII. 

Siccative. A moisture absorbent, chiefly used as applied to 

artistic purposes. 

Sldn-drying: The drying of the surface of a green sand mould to 

(Moulding). diminish the risk of a blown or scabbed casting. 

Skinning. Surface drying to form a thin crust of a more im- 

permeable nature than the mass of the material, in 
order to retain the moisture, e.g.^ Soap, Pastilles, &c. 

Smoke-dried. Applied to goods which are dried by air mixed with 

the products of combustion (smoke). The hot air 
causes the vaporisation and drying, but the smoke gives the characteristic 
flavour and colour. Hence different fuels are used for varied tastes. 
The main feature is slow drying to obtain the flavour. 

Soaked, for the purpose of comparing the humidity of solids 

and semi-solids, is here used when the water is dis- 
persed abundantly throughout the mass and in the pores of the substance. 
See Chap. I. 

Soluble Driers are substances which dissolve in oil and hasten its 
(Painting) oxidation. They act very effectively. For instance, 

manganese linoleate, manganese resinate, lead lino- 
leate, lead resinate. 

Sow. A framework of hurdles or light wooden poles into 

which sheaves of corn are thrust with their heads 
inwards, for drying purposes. See page 163. 

Specific Heat is a relative term, meaning the quantity of heat 

required to raise a given weight of any substance 
through a certain range of temperature, as compared with the quantity 
of heat required to raise the same weight of water at 39'' Fahr. through 
the same range of temperature. The specific heat of any solid element 
varies inversely as its atomic weight, while the specific heat of the 
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same substance varies according to its physical state, being generally 
greatest in the liquid state, and increases at higher temperatures. 
The formula for obtaining the specific heat of body is : — 

Where S= Specific heat. 

W=Weightof body. 
w= Weight of cold water. 
T= Temperature of body. 
e= Temperature of cold water. 
^ = Temperature of the water after body has been removed. 

Spits are the thin sticks used in " spitting '' fish for drying. 

They are usually 4^ ft. long by 1 in. thick. Twenty 
to twenty-five fish are threaded on each spit by passing it under one 
gill cover of each and out at the mouth. 

Steam Bolts are various shaped hollow heads (paw, egg, mush- 

( Dyeing) room, tapered, plain, &c.) used for drying and finish- 

ing of dyed gooda They are fixed on stands in 
various sets and have steam heating connections. 

Steam Dryer is an apparatus for removing the water from live 

steam, e,g.., the water from priming or condensation 
in the valves, pipes, or cylinders. Dry steam is in every respect more 
efficient and safer. Other names for the same apparatus are Separator, 
Interceptor, and Catchwater. 

Steam Trap is an apparatus to retain exhaust steam till it is 

condensed to water, or to allow of condensation water 
passing away without the escape of steam. 

Stenter (Textile). Same as Tenter (q.v.). 

Still Air. Used in connection with insulation to denote the air 

which remains quite motionless, as distinguished from 
'* confined " air, which is merely shut up. Confined air may circulate in 
the confined space and so pass the heat by convection. See page 104. 

Stove. A closed or partly closed vessel or receiver in which 

fuel is burned. Portable, as distinguished from 
furnace. Hence a drying stove is a portable apparatus in which fuel is 
burned to dry by direct heat. See Chap. IX. 

Stoving. Applied to removing other vapours than water by 

means of heat in a stove, f.^., enamelling, japanning. 

Stoving Drying in hot air as distinguished from the cylinder- 

(Textile). drying. 

Sublimation. Some substances, when heated, are converted im- 

mediately into vapour without assuming the liquid 
form and without any chemical changa They are then said to sublime. 
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Snn-cracks 
(Geology) 

Superheated 
Steam 



are desiccation cracks (q.v,). 

is steam heated away from the presence of water and 
hence not containing, because not able to obtain, the 
amount of water which its temperature would carry. 

is the vapour in a space which contains less moisture 
than its temperature would allow. Any vapour 
which is not saturated really contains a larger 
quantity of heat than is necessary to sustain itself as vapour. 



Superheated 
Vapour 



Svireat 
(Barley). 

Symbols. 



The heating and partial drying of barley. 

W=Weightinlb. 

V = Volume in cubic feet. 

T = Temperature Fahrenheit. 

P= Pressure in lb. per square inch. 

F = Elastic force in inch of mercury. 

E = Coefficient of expansion. 

S— Specific heat as to water. 

H= Humidity. 

B=HeatinB.Th.U. 

J = Joules. 

L= Latent heat. 
Falir.*'= Degree Fahrenheit. 
Cent." = Degree Centigrade. 



a = Wet material. 

6 = Dry material. 

c- Water to be extracted. 

d = Aqueous vapour. 

c=Dry air. 



/= External air. 
gr= Air from heater. 
A== Air from condenser. 
t= Air from dryer. 
m = Mixture of air saturated with 
vapour. 



Syphon Gauge is a gauge to test the air pressure in ducts and flues 

by the varying pressure in the two arms of a glass 
syphon. See page 96 and Table XV. 



Tellerofen 
(German). 



A plate oven or stove (e.g.y Rieckert's) as series of 
superimposed plate-like shelves. See pages 245-7. 



Temperature. The temperature or hotness of a body may be defined 

as being the greater or less extent to which it tends 
to impart heat to other bodies. The temperature of a body, which is the 
degree of its sensible heat, must not be confounded with Uie quantity of 
heat it possesses (cf. Calorimetry). Temperature is measured by ther- 
mometers of mercury at ordinary temperatures, of spirit for low 
temperatures, and by pyrometers of metal or clay for high temperatures. 
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Tensioa is the term sometimes applied to the elastic force of 

vapour or gases. Tension is a pull. Oases cannot 
pull, but they are constantly pushing in all directions, therefore they 
are in a state of preMure (q.v,). 

Tenter-frame. A frame or machine on which fabrics are stretched 

by hooks, generally during the process of drying. 
See Fig. 81. 

Therm was suggested by the British Association in 1888 as 

the amount of heat required to raise the temperature 
of 1 gramme of water from 0^ Cent, to r Cent. It therefore equals 
ToSo of a calorie (q.v,). 

1,000 Therms =1 Calorie =3*968 B.Th.U. 

Thermometer With a normal atmospheric pressure of 29*921 in. of 

Scales. mercury pure water solidifies when it has a definite 

quantity of heat, and also boils when it has another 
larger definite quantity of heat. These two states are taken as fixed 
points in order to obtain a unit of comparison for all other states and all 
other materials. The freezing point has been called 32"* by Fahrenheit, 
who then divide the quantity to boiling |K)int into 180 parts, fixing 212°, 
so that r on his scale ^i&o part of the heat required to raiie pure 
water just melted from ice to water just commencing to boil. By the 
French system, called Centigrade, this same quantity of heat is divided 
into KX)", and with freezing point marked as 0^ of course boiling point 
becomes 100" Cent. Reaumur's Scale, used in Russia, divides these two 
critical points into 80 parts, and therefore, while freezing point is 0*" 
Reaum., the boiling point is 80" Reaum. Hence — 

120' Fahr. = 100° Cent. = 80° Reaum. 
6'Fahr.- 5" Cent. = 4"' Reaum. 
Fahr. - 32 _ Cent. ^Reaum. 
180 100 80 " 

Thermostat is an instrument to respond quickly to any changes 

in the hygrometric conditions, and so regulate the 
apparatus for humidifying or drying the air. 

Torrefiers (Barley) are heating apparatus to dry barley, <&a, by hot air 

currents. 

Total Heat is the quantity of heat (in units) necessary to raise a 

substance to a given temperature and vaporise it at 
that temperature. Equals latent heat plus sensible heat 

Formula. — To calculate the total heat required to evaporate water at 

a given temperature. 

B = 1082 + -30r)T. 

Where B=Heat in B.Th.U., 
T = Given temperature. 

Tunnel (Drying) is a tunnel through which material passes during the 

operation of drying. 
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Units. Used in connection with drying and desiccating 

machinery calculations. 

For Heat— B.Th.U., Calorie, Therm. 
„ Temperature — Fahr., Cent., Reaum. 
Weight — Lb., Kilogramme. 
Mechanical Equivalent — Foot-pounds, J or Joules. 
Volume — Foot, Metre, Gallon, Litre. 
Pressure— Lb. per Sq. Foot, Kilos, per Sq. Centimetre. 
Electrical Energy— B.T.U. 



I* 



Unwater. To remove the water from the surface and from 

between the particles. (Mineralogical) to drain a 
mine. 

Unwatering is removing the surface water and the free water 

from solid materials of an open porous nature. 

Vacuum Process is the plan of drying when the receptacle in which 
of Drying^ the wet material is placed has its air abstracted to a 

considerable degree, and the vapour withdrawn with- 
out the intervention of air. See Chap. VI. 

Vaporimeter. An instrument for determining the vapour-pressure 

(cf. Evaporometer). 

Vaporisation is the change of a liquid into the gaseous or vapori- 

form state. When the process is rapid, and through- 
out the mass of the liquid, it is termed ebullition or boiling (g.v.). When 
it proceeds from the free surface and the vapour passes off it is called 
evaporation (g.v.). 

Vaporiser. An apparatus to reduce any substance to vapour 

(cf. Atomiser). 

Vaporising Stove. A ix)rtable stove for supplying vapour (steam) to a 

greenhouse (cf. Humidifier). 

Vapour and Gas have no essential difference of meaning, but vapour 

is generally applied to the gaseous condition of 
bodies which are usually met with in the liquid or solid state, e.g., water, 
sulphur, ether, &c., and is sometimes further restricted in its application 
to the gaseous condition when produced by surface evaporation as dis- 
tinguished from steam which is produced by ebullition. 

Vapour An apparatus for causing the condensation and 

Depositor. deposition of the vapour in an air current by re- 

frigeration. See Fig. 14. 

Water. See Water of Combination, Water of Crystallisation, 

Water of Manufacture, Hygroscopic Water, Quarry 
Water, Water of Deliquescence, Incidental Water, Accidental Water. 
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Water 
Eliminjitor. 

high velocity. 

Water- 
Extractors. 

Water-freed. 
Water-log^g^ 

Water of 
Combination 



An apparatus for removiDg the water-spray from 
refrigerated air. A series of zigzag baffles placed in 
the track of the air current if possible at a point of 

A term sometimes applied to hydro-extractors but 
not commonly so used. 

Usually applied to liquids which have had their 
water removed, e.g,^ water-freed alcohol. 
Rendered log-like or unmanageable through being 
filled with water. 

is the water chemically united (or combined) with 
the material, and is essential to its then condition, 
^^., the water in the sap of trees, the juice of fruits. 



Water of 
CrystalUsatioo. 



The water which unites chemically with many 
salts during the act of crystallisation. It forms an 
essential part of the crystal but not of the salt, and 
is easily expelled by heat, when the crystals generally fall to powder. 
The powder still contains the water of combination (^.t;.), e.g.^ cupric 
sulphate when heated to 212'' Fahr. loses its crystalline form and blue 
colour, four molecules of water being expelled; to expel the fifth 
molecule (water of combination) a temperature of 467** Fahr. is necessary. 



Water of 
Deliquescence. 

Water of 
Manufacture. 

Water Oven. 
Water-soak. 



The water taken up by deliquescent bodies when 
exposed to the atmosphere. 

The water necessarily used with materials during 
the course of manufacture, but not required in the 
finished product. 

An oven encased with a water jacket used for heating 
and drying. 

To soak or fill the interstices of any substance with 
water. 



Water-sodden. 
Wet, 



Rendered soft by the water soaked into it 

for the purpose of comparing the humidity of solids 
and semi-solids, is here used when the water is 

abundant, but mainly on the surface or mixed with the particles. 

See Chap. I. 

Whizzer. A term applied to centrifugals (hydro-extractors), 

especially those used for grains. See Fig. 28. 

Wither (Tea). The drying of tea. 
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ABATTOIRS, 149 
Absorption, 12, 23-26 
Acids, 37, 137 
Aeration, 98, 109 

— heater, 98 

— process of vapour removal, 

109, 110 
Ageing dryer, 214-215 
Agitated cylindrical oven, 248- 

250 

— pans, 168-172 

— troughs, 244-245, 250-253 

— vacuum troughs, 261-263 
Air, 56-67 

— absorption, 24 

— as a drying medium, 56-67 

— as a heat vehicle, 57 

— as a transporting vehicle, 

206-208 

— as a vapour vehicle, 58-69 

— compression, 26-29 

— compressors, 21, 110, 270 

— currents, 65-67, 99, 108, 109 

— desiccation, 24-25, 113 

— distributor, 98 

— dried, 77, 114, 159, 165, 167 

— ducts, 95-100 

— flues, 94-95 

— jacketed dry oven, 235 

— leach, 23, 35 

— meters, 66, 99 

— pressure, 59-62 

— propellers — see Propellers 

— properties of, 63 65 

— pumps — see Vacuum pumps 

arid Air compressors 

40 



Air space, 104 

— vapour capacity of, 64, 70 

— weights, 59-62 
Albumen, 106 

Allowances for position, 101-102 

— for position of fans, 125 
Alternating centrifugal fan, 125- 

127 

— current dryers, 97, 177-179 

— shelf ovens, 168 
Ammonia, 27-29 

— anhydrous, 29 
Anemometers, 65-66 
Aneroid barometers, 60 
Animal matter, 169 
Anthracite coal, 104 
Aqueous aflinity, 23-26 

— vapour — see Vapour 
Argall four-cylinder dryer, 189 
Artificial drying, 1 1 
Asbestos, 104 

— paper, 104 
Ashes, 2, 16, 104 

A shower of rain, 10-11 
Asphalt, 136 
Asphalting, 105 

Aspirating delivery, 154-155, 
206, 210 

— feed, 154, 206-207 
Assembling of heaters, 86 
Atmosphere, 47, 48, 56, 59, 108- 

109 
Atmospheric pressure — see At- 
mosphere 

— process of vapour removal — 

see Aeration process 
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Attenuated vapour, 58-59, 109, 

112 
Autoclaves, 107, 151-152, 15H, 

272-278 
Automatic delivery, 112, 152, 

208, 210 

— feed, 112, 152, 207 

— handling, 142-143, 153-156, 

206-210 



BALLOON, 176 
Band conveyors, 147-148, 
153-156 

— (metallic), 262, 271 
Barley, 141, 142 
Barometer, 60 

Barytes, 2, 17, 140, 161, 162, 174 

Batch drying, 107, 138-142, 191, 
192-194 

l^eaufort's scale of wind velo- 
cities, 115 

Beet sugar, 35 

l^nzine, 203 

— recovery dryer, 277-278 

Bibliography, 9-10, 279-280 
Bietrix kiln, 176 
Biram's air meter, 67, 99 
Blair's (patent) continuous - 

working vacuum desiccator, 

271-272 

— imperial (patent) trough 

dryer, 252-253 
Bland's annular tunnel dryer, 

221 
Blankets, 24 
Blast furnace, 25, 79 
Blood, 169 

Blotting paper, 2, 12, 24 
Blowers, centrifugal, 119-126 

— cycloidal, 127-128 

— disc, 118 
Boards, 159 

Boiler results, 130-131 
Boiling point, 60, 67, 112 
Bone meal, 1 



Bones, 191, 292 
little dryer, 258 
Bran, 8 
Bra8«», 179 

— slag, 1 
Breeze, 115 

Brewery grains, 194, 252, 253, 
262 

— practice, 25 

Brick plant inquiry, 159-160 

— trucks, 105 

— wall, 102 

— work, 105 

Bricks, 1, 104, 105, 144, 145, 152, 

159-161, 165-167, 219 
Brine, 29, 142 
Briquette, 56, 176, 178 

— factories, 14-16 
Broadbent centrifugals, 38-39 

— electric drive, 39 

— hydro-extractor, 39 
Bruckner cylinder dryer and 

calciner, 191 
Brunton rotating bed kiln, 175- 

178 
Bucket elevators, 16 
Bunkers, 16 



CABLE desiccator, 113, 269- 
271 

Caking, 107, 148, 160 

Calciners, 77, 176 

Calcium chloride, 12, 24, 113 

Calico, 45 

Callender electric recorder (pat- 
ent), 54 

Calm, 115 

Calorific value of fuels and 
evaporative power, 56 

— capacity, 50 

Calorimeters, 52 

Capillarity, 14 

Carbon, 75, 104 

Carbonic anhydride, 29 

Carbonate of magnesia, 104 

Cast iron, 83, 84 
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Ceilings, 102 

Cellular compartment kiln, 177- 

179 
Cement, 1, 162 

— slurry, 1, 140, 161 
Centrifugal blowers, 119-122 

— bearings and buffer, 40 

— disintegrators, 37 

— dryers, 37-46, 138 

— exhausters, 119-122 

— fans, 37, 119-127 

— force, 36 

— lubrication, 37 

— outputs, 44-45 

— plant, 40-41 

— pulverisers, 37 

— pumps, 37 

— screens, 46 

— separators, 37 
Chaff, 104 

Chalk, 12, 24, 104, 161, 162, 165, 

174, 191 
Charcoal, 12, 24, 104 
Checking, 106 
Chemicals, 11, 16, 18, 137 
Chemical works, 18, 35 
Chimneys, 91, 94, 115-116 
China clay, 17, 140, 161-162, 

167 
Chinchona bark, 238 
Chocolates, 2 
Classification of evaporative 

dryers, 157-158 
Clay, 25, 104, 160, 174, 191 
Clay ware, 25, 107, 165, 219, 222 
Closets, 25 

Clothes, 1, 38, 163, 203 
Coal, 1, 2, 14-16, 56, 75, 78, 104, 

159, 176, 183 

— washeries, 14-16 

— washing cylinders, 16 
Cocoa, 195, 238 
Coefficient of expansion, 51 

— transmission, 101, 102 
Coffee, 194, 238 

Coke, 2, 16, 56, 78, 104, 159 
Cold storage, 27 
Colours — see Pigments 
Colour works, 18, 35 



Combination steam cylinder 

dryer, 194-196 
Compartment dryers, 91, 97, 177- 

179, 225-227, 229-233 

— cylinder dryers, 189 
Compression process of vapour 

removal, 110, 113, 269-271 

Concrete, 102 

Condensation, 25-29 

Condenser, 169, 172 

Conduction, 50, 82 

Confectionery drying room, 231- 
233 

Contamination, 78 

Contents, vii.-xii. 

Continuous feeding and dis- 
charge, 142-144 

Convection, 50, 82 

Conveyor dryers, 170, 196, 239 

— tunnels, 147, 206-216 

— vacuum dryers, 261-264, 271- 

272 
Conveyors, 16, 147, 151 
" Cook "r. dry, 166-167 
Copper, 84 

— ore, 1 

— hot air oven, 235 
Cops, 38 

Core drying stove, 179-181 

Cork, 104 

Com, 1, 8, 45-46, 229, 254 255 

Cost, 48, 136 

Cotton, 104 

— fabrics, 2 

— yarns, 38 
Coupling links, 1 56 

Cr^pe rubber, 164, 222, 229 

Critical temperatures, 49, 50, 106 

Crucibles, 165 

Crystalline substances, 194 

Crystals, 37, 262 

Cummer cylinder dryer, 191 

Cupola, 79, 113 

Cupric sulphate, 11 

Curtain framing cylinder, 199 

Cyanide process, 35 

Cycloidal blower, 127 

Cyclone propellers, 117-119 

— steel plate fans, 119-123 
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Cyclone dust collector, 255 

Cylinders, 77, 94, 100, 105, 107, 

110, 135, 137,142-143,147- 

148, 153, 156, 239 241— »ce 

also under Drying cylinders 

Cylinder washers, 16 



DANGERS, 105-107, 166 
Data to send or obtain, 
158-160 
Davy, 49 
Deals, 159 
Decanting, 35 

— tanks, 17, 18 

— vessels, 15, 16 
Decoudoun dryer, 203 
Degrees of dryness, 3-8, 106 
Delepine-J ones' (patent) current 

pressure steam disinfector, 

274-277 
Deliquescence, 24 
Dentist's water - jacketed dry 

ovens, 236 
Desiccators, 24-2:), 152-153, 158, 

266, 272 
Determining factors, 1 30 
Devils, 180 
Dewatering, 18, 21 

— filter press, 36 

— filters, 18-23 

— peat squeezers, 30-32 
Dew point, 74, 132-133 
Diameters, 84, 95 
Diffusion, 13, 48 
I)i]2;osters, 272 
Dip-feed, 19, 153, 268 
Direct expansion air cooler, 28 

— firing, 77-79 

— pressure, 31-32 

Disc wheel, 66-67, 118-119 
Disinfection, 152, 274-277 
Distillery draff or grains, 194, 
252, 253 

— wash, 169 
Distribution equaliser, 98, 107 

— equaHsing, 95 

— of heat, 107 



Distributor plate, 193 

Doors, 102 

Draft gauge, 96-97 

Drainage, 10, 14-16 

Draught, 107 

Dredging, 16 

Dried product, 48 

Drops, 25 

Drum or roller dryers, 196-203 

Dry air, 64 

— cleaning dryer, 277-278 

— horses, 149-151, 153,257-258 
Drying by absorption, 1 2, 23-26 

— by centrifugal force, 36-46 

— by condensation, 11, 26-29 

— by evaporation, 11, 47, 278 

— by gravitation, 10, 14-23 

— by pressure, 11-12, 30-36 

— capacities, 130-135 

— cylinders. 158, 183 - 203— 

see ctlso Cylinders 

— drums, 197, 203 

— floors, 157, 160-163— ««c also 

Floors 

— furnace — see Furnace 

— gantries, 157, 163-166 — see 

also Gantries 

— kilns, 157, 173-179-^c« also 

Kilns 

— ovens, 158, 234, 266— see 

also Ovens 

— pans, 157, 167-172 — see also 

Pans 

— racks— see Gantries and Dry- 

ing gantries 

— n)llers — see Cylinders and 

Drying cylinders 

— rooms, 158, 222 233 — see 

also Rooms 

— sheds, 157, 166-167 — see also 

Sheds 

— stoves, 158, 179 - 183—see 

also Stoves 

— trays, 236-239, 253-254 

— troughs — see Pans and Dry- 

ing pans 

— tumblers, 203 

— tunnels, 158, 204, 222— see 

also Tunnels 
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Dryness of solids, 5 8 
Ducts, 96, 103 
Dust, 165, 167 

— collectors, 255 — see also Stive 

rooms 
Duplex centrifugal fan, 126 
Dye becks, 25 

— goods, 215 

— house practice, 25-26, 38, 

150 
Dyeing, 105 

— dryer, 277-278 

Dyer's dr3ang cylinders, 199 



EARTHENWARE pans, 168 
Ebullition — see Boiling 
point 
Economiser, 91 

Edison electric dryer (patent), 
81 

— louvred dryer (patent), 180 
Efficiency of chimneys, 115 116 

— of fans, 124 
Efflorescence, 24 
Effluvia, 137, 169 
Elastic force, 48, 60, 64, 68 
Electric dryer, 81 

— drying, 81 

— heat, 81 
Elevators, 16 
Enamelled goods, 67 
Enamelling stoves, 182-183 
Endless chain conveyor dryers, 

209-215, 239 

Enquiry forms, 158-160 

Equalisation of heat distribu- 
tion, 107 

— of pipe diameters, 95 
Ek}ualising chambers, 107, 179, 

187, 231 

— duct, 98, 107 
Erith's brick trucks, 146 

— coil -heated cylinder dryer, 

196-197 

— moist air tunnel dryer, 116- 

117, 205-206 



Erith's Thomson patent cylinder 
dryer, 185-187 

— timber trucks, 143-145 
Ether, 29 

Evaporating rooms, 25, 277-278 
Evaporation, 12-13, 47-49 

— factors of, 48 
Evaporative power of fuels, 56 

— dryers, 1 57, 278 

— dryers classified, 157-158 

— drying, 47-278 

— drying installations, 157-278 
Excreta, 169 

Exhaust process of vapour re- 
moval, 109, 111, 178 

— steam, 79 
Exhausters, 119-129 
Expansibility of air, 62-65 

— of vapour, 67-68 
Expansion by heat, 51-52 
Explosives, 37, 165 
External work, 49 



FACTORS of evaporation, 48, 
80 
Fscces 137 

Fans, '37, 51, 79, 110, 111, 117- 
128 

— centrifugal, 37, 119-127 
Farina, 203 

Feather finisher, 203 
Feathers, 104, 203 
Feed valves, 13» 
" Feel " of cloth, 156 
Felt, 104, 203 
Fermentation, 106 
Fesca centrifugals, 37 
Fibre, 104 

Fibrous material, 154 
Filter, 18 

— frames, 21-23, 138 

— presses, 12, 23, 32-36, 1371 38 

— press plant, 36 

— press plates, 34-35 

— press cloths, 18, 35 
Filtering, 11, 18-23 
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Fire brick, 105 

— clay, 160 

Firman agitated oven, 248-250 
Fish, 1-2, 137, 144, 169, 250, 262 

— smoke rooms, 166 
Flannel, 45 

Flax, 214 

Floors, 77, 78, 94, 100, 102, 107, 
110, 135, \iO—HPe also 
under Drying floors 

Flour, 8 

" Floured '* sand, 136 

Flue air-heater, 90-91 

Flues, 28, 79, 94, 100, 161-162 

— and ducts, 94-100 
Fossil meal, 104 
Fowl, 1, 2 

Frame conveyor, 150-151 
Fruits, 1, 243, 244 
Fuel, 2, 56, 100, 101 

— economy, 113, 137 

— values, 56 

Fuller's earth, 142, 161, 174 
Furnaces, 16, 77, 91, 94, 100-101, 

113,159,177,178, 184,185, 

187, 189, 190, 243 



GALE, 115 
Gannister, 105 
Gantries, 77, 107, 110, 139, 146, 

150, 153 — see also tinder 

Drying gantries 
Gardner rapid three-tier trough 

dryer, 251 
Garment clips, 210 
Garments, 212 
Gas furnace, 159 

— heated enamelling stove, 182- 

183 

— heated sand bath, 78 

— house carbon, 104 

— retorts, 16 

— works, 16 
Gassing gear, 156 
General inquiry, 158-159 

— principles, 10-13 



Gibb's harvester, 229 
Gilled pipe radiator, 85 
Glass, 84, 104 
Gnom tray dryer, 241-243 
Gold mines, 35 

— ore, 1, 16-18 

— slimes, 17-23, 35, 36 
Gorrie benzine recovery oven, 

278 

— dyer's and curtain framing 

cylinders, 199 

— tumbler for feather finishing, 

203 
Gradual drying, 117, 137 
Grain, 99-100, 140, 142, 163, 

170 
Grains, 194, 252, 253, 262 
Granite, 105 
Granular material, 140, 148, 245, 

251 
Granulated sugar — see Sugar 
Granulating plant, 196 
Gravimeter, 6-7 
Grease, 35 
Grill four-compartment cylinder 

dryer, 189 
Gunpowder, 165 



HAIR, 104, 216 
** Hacked" bricks, 145, 
160 
Half stuff, 199 

Hamel-Smith rotary dryer, 240 
Handling the materials, 136-156, 

206-212 
Hank yarn drying cylinders, 
199202 

— yam links, 156, 202 
Hanks, 153, 199, 212 
Hats, 277 

Hay, 1, 160-161, 229 
Heat, 49-56, 75-76 

— capacity, 76 

— dangers from, 105-107 

— insulation, 103-105 

— losses, 96, 100-105 
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Heat, methods of applying, 75- 
107 

— radiation, 82-85 

— sources of, 77-81 

— transmission, 50, 82-94 
~~~ vehicle 5 7 

Heaters, 25, 78-79, 82-91, 97-98 

Hempel desiccator, 24 

Hep worth centrifugals, 37 

Hersey steam cylinder dryer, 
193, 194 

Higginbottom-Lennox water ex- 
tractor for peat (patent), 
31-32 

Hilgrif core stove, 179 

Hockin-Oxland cylinder dryer 
and calciner, 191 

Hollow rollers, 201-202 

— winches, 214 
Hop kilns, 94, 173 

— rooms, 94 

Hops, 1, 8, 142, 173, 222-224, 

262 
Horses — see Dry horses and 

Gantries 
Hot air, 101 

— blast, 79 

— flue, 262 266 

— water, 79, 101 

— water pipes, 83 

Howell- White cylinder dryer and 

calciner, 184-185 
Humidity of the air, 3-5, 167 
Hurricane, 115 
Hydro-ed results, 45 
Hydro-extractors, 12, 36 46, 137- 

138 
Hygrodeik, 4, 5 
Hygrometers, 3-5, 72 74 
Hygrometer tables, 73 
Hygroscopes, 74 
Hygroscopic, 49, 163 



IDIOSYNCRASIES of ma- 
i terial, 76, 156, 158, 221 
Illustrations, list of, xiii.-xviii. 



Imperial (patent) agitated trough 
dryer, 252-253 

Impregnation, 272 

Induced draft— see Exhaust pro- 
cess 

Ink, 24 

Inlets and outlets of drying 
rooms, 61-62 

Insulating values, 104 

Insulation, 103-105 

Intermittent progressive work- 
ing, 144147 

Internal work, 49 

Iron, 179 

— ore, 1, 180 

— pans, 168 



JAMES' decanting vessels (pat- 
ent), 15 
Japanned goods, 67 
Jar dryers^ 258 

Johnstone agitated pan, 168-169 
Joists, 102 
Jones' cylinder batch dryer, 192- 

194 
Joule, 49 



KEITH - BLACKMAN con- 
veyor dryers, 209-214 
— garment clip, 210 
Kilns, 77, 79, 94, 100, 110, 137, 
142, 162-163— «ee also Dry- 
ing kilns 
Kneading and mixing dryer, 170- 
172 



T ABORATORY hot-air oven, 
L 235-236 
— sand bath, 78 79 
Lacquering stoves, 183 
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Laidlaw centrifu<^l bearing 
(patent), 39-40 

— centrifugal plant, 40-41 

— centrifugals, 39-42 

— hydro extractors, 39-40 

— self - discharging centrifugal 

(patent), 40-41 
Lainbrecht s poly meter, 74 
Lampblack, 104 
Latent heat, 29, 49, 52, 79-80, 

102 

— heat of steam, 50, 79, 80 

— heat of vapour, 50 

— heat of water, 49 
Launder, 18 

Laundries, 91, 137, 150, 212 
Laundry ovens, 91, 150 151 
Lavatory basins, 25 
Leather, 1, 105, 166, 222, 227- 

229 
Lennox compartment kiln, 177- 

179 

— c^-linder dryer, 187-189 

— lifting bogie trucks (patent), 

147148 

— peat squeezers (patent), 31 

— peat turf gantries, 139 

— plate ovens, 245-249 
Lousert compartment kiln, 178 
Light, 105, 166 

Lignite, 56 

Lime, 12, 24, 162, 174, 273 

— kilns, 173 

— scum, 35 

— stone, 1, 105, 180, 191 
Linen, 45 

Links for coupling hanks, 156 

Liquid fuel, 78 

Liquids, 262, 267, 268, 272, 

277 
Liquors, 30 
Loam, 104 

Local application, 106-107 
•* Lofty " nature, 1 54 
Louvred ducts, 99-100 

— stoves, 136, 179 
rx)uvres, 107, 142, 178, 258 
Lumber, 106, 144 
Lumley tray dryers, 241-243 



MACARONI, 24 
Magma, 35 
Magnesia, 104 
Malt, 8, 140, 142, 262 
Manual labour, 136-138, 140, 

142-149, 166, 174, 222 
Manure, 191 
Marl, 160, 191 

Mayfarth- Ryder dryers, 243-244 
Meal, 104, 252 
Measurement of air, 65-67 

— of heat, 52 

— of vapour, 72-74 
Meat, 12, 169, 250, 272 
Mechanical drying, 11-12, 30 46 

— extraction, 30 

— hoes, 140 

— stirrers, 140-141, 162 
Megass, 193 

Metallic ribbons, 81, 137 
Methods of applying heat, 75- 
107 

— of handling material, 136- 

156 

— of removing vapour, 108-135 
Methylated spirits, 277 
Middleton - Yeadon cylinder 

dryer, 192 
Mildew, 167 
Milk, 153, 268, 269 
Milne twin-cylinder desiccator, 

268-269 
Minerals, 191 
Mineral wool, 104 
Moisture gauges, 7-8 

— tester, 8 
Molasses, 40, 138 
Monteju, 35,36, 138 
Multiple roller dryers, 199-203 
Multitubular cylinder dryers, 

178, 196 

— furnace, 92 

— heaters, 86-91 



NATURAL drying, 10-11, 
108 
Nature of the material to be 
dried, 76 77, 105, 114 
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Nature's way of drying, 108 
Newhall conveyor trough dryer, 
170 

— steam cylinder dryer, 193, 

194 
Night soil, 25 

Nitrate of soda crystals, 167 
Nitre, 165 

Non-conductors, 104-105 
Normair alternating twin fan, 

125-127 

— vapour depositor, 27-29 
Normal air process (Marlow's 

patent), 229-231 



OATS, 141 
Ochre, 167 
Offals, 144, 169 
Ogle-Ridgway vacuum filter, 20- 

23 
Oil, 2, 30, 75, 159 
— of vitriol, 12, 24 
Ores 191 
Ovens, 93-94, 97, 101, 104, 140, 

149, 163 — see also under 

Drying ovens 



PADDING machine and hot 
flue, 262-266 
Paddle conveyors, 148-149, 170 
Paints, 67 
Pallets, 139, 145 
Panelled rack on double track, 

153 
Pans, 77, 78, 94, 100, 110, 137, 

141 — see also wnder Drying 

pans 
Paper, 2, 104, 137, 199, 212, 222 

— drying cylinders, 198-199 
Paste, 104 

— boards, 2, 212 
Pastes, 267 
Pastilles, 2, 231 

41 



Peat, 2, 25, 30-32, 56, 75, 137, 
161 

— turf gantries, 139, 145, 164 

— turf squeezers, 31-32 
Peel, 231 

Perforated tumbler dryer, 203 
Perkins' system room, 224-225 
Petroleum, 56 

Phosphate kiln, 142, 174, 176 
Phosphates, 140, 142, 161-162, 

191 
Piece goods, 38, 202, 258 
Piftin hot air stove, 180-181 
Pigments, 2, 18, 35, 137, 164, 

168 
Pine, 206 
Pipes, 84, 85, 163 

— equalisation, 95 
Pitch, 178 

Plaiting gear, 156, 265, 266 

Plaster of Paris, 25, 104 

Plate or table dryers, 182, 245- 

249 
Plenum, 98 

— process of vapour removal, 

25, 89, 110, 112-113 
Pneumatic fibre dryer, 153-155, 

206-210 
Polymeter, 74 
Pott, Cassels, & Williamson's 

centrifugals, 42-44 

— interlocking gear (patent), 

44 

— self-adjusting buffers (patent), 

42-43 

— water driving gear, 42-43 
Pottery ovens, 150-151 

— ware, 1, 105, 222 
Powders, 162, 168-169, 191, 245, 

250, 251, 268 
Power, 123 

— stations, 16 

Precipitation, 10-11, 16-18, 137 
^r reface v -vi 

Pressure, 65, 71, 132-133, 150 

— equivalents, Diag. I. 

— gauges, 60 

— of the air, 59-62, 65, 110, 

112, 123-125, 132-134 
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Pressure of vapours, 71-72, 132- 

133 
Printed fabrics, 266 
Products of combustion, 78 
Progressive drying, 116-117, 143- 

144, 183-221, 236-256 
Propellers, 79, 97, 111, 117-119 
Properties of air, 56-67 
— of saturated steam, 79-80 
Psychrometer, 5 
Pug mill, 40 
Pumps, 138 
Pyrometers, 53-55 



OUARRY water, 167 
Quartz, 161, 162, 180, 
191 
Quicklime, 12, 24, 25 



RACKS — see under Drying 
gantries and Gantries 
Radiation, 50, 82, 100 101 

— powers, 83-85 
Radiators, 79, 82 
Reasons for drying, 1-3 
Reform moisture tester, 8 
Refrigerating coils, 28-29 
Refrigeration, 27 
Resin, 106 

Retorts, 16, 79 

Ribbed tube heater, 85 

Rice, 104 

Richmond's racks, 164 

Riebeck stove, 182 

Roasters, 77, 176 

Robinson's anemometer, 65-66 

— gravimeter (patent), 6-7 

— tubular heater (patent), 90-91 

— wheat dryer and conditioner 

(patent), 253-256 

— whizzer, 45-46, 253 
Rod conveyor dryer, 212 
Roller dryers, 156, 196-203 



Roofs, 102 

Rooms, 90, 94, 97, 101, 103, 
107, 137, 149, 163— ^^e alw 
under Drying rooms 

Root's blower, 1 27 

— exhauster, 127-128 
Rope, 104 

Rotary bed kiln — see Brunton 

— cylinder dryers — see Drying 

cylinders 

— frame dryer — see Frame con- 

veyor 

— vertical dryers, 239-241 
Rubber, 1, 105, 107, 164, 166, 

222, 229 
Ruelle's cylinder dryer, 191 
Rumford, 49 
Runways, 149 
Ryder inclined tray dryer, 243- 

244 



SACCHARINE matter, 35 
Safeguards, 15M52 
Salt, 167, 194 

— pans, 167-168 
Salts, 24 
Samples, 159 

Sand, 24, 104, 105, 136, 180, 191, 
273 

— bath, 78, 79 

Sand-lime brick autoclave, 273- 

274 
Sandstone, 1 
Sardines, 2 

Saturated mixtures, 64 
Saturation, 3, 48, 101, 108 

— degrees of air, 3 

— degrees of solids, 6-7 
Sawdust, 12, 24, 104 

Schultz multitubular dryer, 196 
Scott's automatic rotary valve 
(patent), 152 

— continuous vacuum desic- 

cator, 266-268 

— continuous vacuum oven, 

262-264 
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Scott's mixing vacuum oven, 
261262 

— stationary vacuum oven, 259- 

261 

— vertical air pump, 129 
Seagrave-Bevington heater, 86- 

87 

— rooms, 227-229 
Self-discharging centrifugals, 40- 

41 
Semi-automatic feeding, 141-142 
Sensible heat, 49, 53, 102 
Settling tanks, 16-18, 162 
Sewage, 2 

— farms, 14, 16, 35 

— screens, 16 

— sludge, 2, 32, 35, 252 
Shale, 160, 191 
Sheaves of wheat, 163 

%Sheds, 77, 110, 142, 166— «ee 
also tinder Drying sheds 

Shelves, 179, 182 — see wider 
Drying gantries 

Shew's economic furnace (patent), 
93-94 

— economic hop rooms, 222-223 
Shingle, 16 

Shirts, 212 

Siccatives, 67 

SiUcate of lime, 273 

Silk, 45, 105 

Silver ore, 1 

Sirocco air heater, 92-93 

— endless chain dryer, 239 

— removable tray dryers, 236- 

239 

— tilting tray dryers, 239 

— wall fan, 121-122 
Skins, 212 
Skylights, 102 

Slag wool, 104 

Sliding panel oven dryers, 149- 

151, 153, 257-258 
Slimes, 17-23 

— dewaterers, 18-23 

— filters, 18-23 

— press, 23 

— tanks, 16-17 

Sludge — see Sewage sludge 



Smoke box, 90, 93 
Smuts, 167 
Soap, 2, 162, 218 

— drying tunnels, 216-219 
Soda, 194 

Solar heat, 77 

— rays, 166 
Sources of heat, 77-81 

" Sow " method for grain, 163 
Specific heat, 50-51, 101 

— table, 51 
Speed of drying, 48 
Spirit, 75 

Spits for fish, 166 

Sponge, 24 

Spruce, 206 

Starch, 194, 203, 231 

Staves, 159 

Steam, 52, 67, 79-81 

— conversion, 131-134 

— generation, 130-131 

— pipes, 83, 103 

— properties in partial vacuum, 

81 

— properties of saturated, 80 
Steam chest and hot air machine, 

266 
Steam - heated cylinder dryers, 

194-202 
Steam trap, 89 
Steel rack brick cars, 146 

— works, 166, 179 
Still air, 104 
Stirrers, 140 

Stive room, 170, 196 
Stone, 104, 136 

— (asphalting), 1 

" Stooked " grain, 163 

Storm, 115 

Stoves, 77, 94, 100, 105, 110, 

1 36, 1 42, 163 — see also under 

Drying stoves 
Straw rope, 104 
Stretching, 155-156 
Sturm's rotating table tunnel 

dryer, 221 
Sturtevant compartments, 225- 

227 

— heater, 87-90 
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Sturtevant heating plant, 88 

— laundry oven, 257-258 

— multi vane fans, 87, 119-121 

— progressive dryer, 210-220 

— timber tunnel, 219-220 
Sugar, 24, 35, 40, 41, 44-45, 170, 

194 

— factories and refineries, 38 

— plant, 41, 196 
Suggested terms, 5-7, 157 158 
Sump-holes, 14-17 
Sun-dried, 107-165 
Superheated vapour, 101 
Superheating, 274 
Superimposed band conveyors, 

153-156, 215-216 

— trough conveyors, 250-251 
Superphosphates, 191 
Surface drying, 2 

— evaporation, 107 

— exposure, 130-137, 163 
Syphon draft gauge, 67, 9697 
Systems of vapour removal, 109- 

114 



TABLES of data, 9 
— list of, xix.-xx. 

— or plate dryers, 182 
Tapair sprat's, 1 07 
Tea, 238 

Technical terms, 5-7, 9, 157-158, 

289-312 
Tension conveyor dryers, 155, 

199, 213-214 
Tenter hooks, 156 
Tentering machine, 155-156 
Textile drying cylinders, 198- 

203 

— fabrics, 136, 222, 262-266 

— works, 38, 212 
Thermal capacities of air, 52 

— saturated mixtures, 132- 

133 

Thermometers, 4, 49, 53 

Thorasen's (patent) rotary cylin- 
der dryer, 185-187 



Three ■ tier trough dryers, 250- 

251 
Tilting tray dryer, 239 
Timber, 1, 2, 152, 219-220, 272 

— drying without mechanical 

aids, 116-117,205-206 

— plant inquiry, 159 

— seasoning, 1, 152 
— - trucks, 1431 45 

Time problem, 76, 105, 108-109, 

161 
Tin, 84, 225 

— ore, 1 
Tobacco, 1 
Toricellian tube, 60 
Total heat, 80, 102-103 

— heat of steam, 80 
Towels, 12, 24, 212 
Transmission of heat, 102-131 
Tray dryers, 236-239, 241-244, 

253-254, 259 
Trough conveyors, 148-149, 244- 

245, 250-253 
Troughs — see under Drying pans 
Trucks, 143 148 
Tubular cylinder dryers, 196 

— heaters, 86-93 

— tunnel dryer, 2062 10 
TuUis' roller dryer (patent), 201- 

203 
Tunnels, 94, 101, 140, 146, 149, 

154, 163 — see also under 

Drying tunneb 
Turner ix)tary wheat dryer and 

conditioner, 239-241 
Twin cylinder desiccator, 268- 

269 

— drying rooms, 91, 97 

— fans, 125-127 



UNCERTAIN result of aera- 
tion, 110 
Universal vacuum kneading and 

mixing dryer, 170-172 
Un watering cylinders, 19 
Urinals, 25 
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VACUUM, 18-23, 35, 57, 81, 
110, 151 

— desiccators, 152, 266-268, 

271-272 

— dewaterers, 18-23, 138 

— dryers, 259-264 

— filter pan, 18 

— filters, 18-23, 138 

— kneading and mixing dryer, 

170-172 

— pressures, 81 

— process of vapour removal, 

109-112, 129, 259 

— pump, 18, 21, 35, 129, 152, 

172, 289 

— temperatures, 81 
Valves, 9799, 141, 152, 169 
Vaporisation, 67 

Vapour, 58-59, 67-74, 167 

— atmosphere, 47-48, 108-109 

— attenuity, 58-59, 109 

— carrying capacity, 25, 70, 116 

— condenser, 259 

— depositor, 27- 29 

— elastic force of, 64, 68 

— indications and measurement, 

72-74 

— methods of removing, 108- 

135 

— polymeter, 74 

— pressure, 71-72 

— removal processes, 109-114, 

259 

— vehicle, 58-59 

— weights, 64, 68-72 
Varnishes, 2, 67 
Vegetable fibre, 104 

— products, 193, 243, 244 
Velocity, 84, 109, 121-123 

— air, 84, 123, 124 

— Beaufort's scale for wind, 115 
Vento heater, 86 

— radiator section, 85 
Vertical whizzer, 45-46 
Victoria grain dryer, 99-100 
Vitriol (oil of), 12 

Volatile matter, 153, 170-172, 
266 

— oils, 277 



Volume, 64, 80, 109, 116 

— of air, 64, 116, 123 

— steam, 80 

Volumes discharged by difference 
of temperature, 116 



WALLS, 102 
Warm blast, 79 
Warming the materials, 101 
Warping, 107 
Warp yam, 202 
Waste heat economising sheds, 

166 
Water, 10, 24, 25, 52 

— jacketed dry oven, 236 

— of combination, 266 

— of crystallisation, 24 

— of deliquescence, 24 

— of manufacture, 25 
Weight, 61, 62, 64, 80 

— of air, 64, 132-133 

— of material, 62 

— of steam, 80 

— of vapour, 64, 68-71, 72, 132- 
133 

Westaway peat squeezer (patent), 

32 
Weston centrifugals, 37 
Wet and dry idiosyncrasies, 76, 

106 

— material, 48 
Wheat, 7, 8, 163, 239-240, 253- 

256 

— dryers and conditioners, 239- 
240, 253-256 

Wheatstone's bridge, 54 

Whipple temperature indicator 
(patent), 55 

White lead, 137 

White's drying cylinders (pa- 
tent), 198 

Whiting, 174 

Whizzers, 45, 46 

Wilfley continuous vacuum 
slimes filter, 18-21 

— de watering filter, 18 
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Winches, 214, 215 
Wind, 110-114 

— scale, 115 

— velocity, 115 • 
Windows, 102 

Wood, 2, 56-75, 102-104 
Wool, 1, 38, 104, 137, 154, 206, 
212, 216 



Woollen fabrics, 1, 2, 105 
Wrought iron, 84 

YARN, 153, 199-202, 258 
Yeast, 24 
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ADVERTISEMENTS. 



We Manufacture 



DRYING APPARATUS 

FOR ALL CLASSES OF MATERL^L. 



ImpTovMI BOTARY Drrcr or Roaster. 



We lupplj this MMhioe for handling; k large nuiety of nuiteruUs. 

Send ua pwtica]«i« of your requiremeota and we will suboiit you 

a Batiaractoi7 acheme. 



FLOOR DRVERS. TUNNEL DRYERS, HEARTH DRYER5. 

DRYERS heated directly or indirectly by OA5, OIL, COAL, 

COKE, or STEAM. 

CBUSHING AND GBINDING PLANT for all nuteritls. 
MINING MACHINEBY. Stamps, Ball Mills, Tube Mills. 
BBIQDETTING PLANT for Coal, Coke, or Ores. 
CEMENT or PLASTEB PLANT 
BBICK MAKING MACHINEBY, all processes. 



WM. JOHNSON & SONS (LEEDS) LD., 

ARMLEY, LEEDS, ENGLAND. 



ADVKRTlSEMLt 



POTT, GASSELS, & WILLIAMSON, 

motherwell, scotland. 

Solid Compound 

ball-bearing spindle with 

Patent Self-adjusting Buffers 

FOR "Weston " Centrifugals. 



The atiovc illuilralioii shows our Kohd Compound Ball-lisiring Spindle wilh Self, 
ndjusling Buffer. The side pull is l.ikcii on the lop and bollom rows of Balls, and Ilie 
weight of the Basket and osiillniion by the two middle rows of Balls. 

As Ihe buffers are separated bj' a loose ring the lotal load is carried by both buflers 
so that any wear is lakcn up by the compression of the rubber. This arrangement con- 
trols a large unbalancwl load effeelually without transmitting vibration to the framing. 
It will be observed that the Bearing nn<i Buffer can be removed without dismantling the 
Machine. As one Supply of grease will last for months the bearings require little attention. 



ADVERTISEMENTS. 



POTT, GASSELS, & WILLIAMSON, 

MAKERS OF CENTRIFUGALS, 

FOR Sugar Factories, Refineries, 
Chemicai. Works, Laundries, &c. 



PATENT WATER DRIVEN CENTRIFUGALS, 

WITH PATENT INTERLOCKING GEAR. 

ELECTRIC & BELT DRIVEN CENTRIFUGALS. 

FOm DCSCntfTION OF OUn WATBR driven CENTtHFUaALS 
see CHAPTER III. 

Works: MoTHERWELL, SCOTLAND. 
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DBYING, DESICCATING, HEATING, 

Grindiatf, Cmmhing, and Stftiog. 

STEAM COOKERS, OVENS, CYLINDERS. 

Patent Steam Air Heaters. 



JOSEPH J. ARMFIELD & COMPANY, 

Manufacturing Engineers, 

London Ofllcat Workai 

20 MABK LANE, EX. BINGWOOO, Hants. 



THRESH DISINFECTOR COMPANY L?. 

lo/li Walbrook, LONDON, B.C. 



DISINFECTORS, STERILIZERS, &c. 



CONTRACTORS to:— 

n.M. War Office, Admiralty, 

Crown Agents for the Colonies, &c. Ac. 



JUakefaof: The "DELEPINE-JONES" AUTOCLAVE. 



Estimates given for Complete Installations. 
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ERITH'S ROTARY DRYERS 



STEAM AND FURNACE Types 
FOR ORES, SAND, CLAY, 

AND ALL CLASSES OF MATERIALS. 

ERITH'S 
DRYERS 

TIMBER, 
BRICKS, 
WOOL, &c. 



OATALOQUK8 AND ESTIMATES FREE. 



17 YEARS' EXPERIENCE 

AS MAKERS OF DRYING PLANTS. 



Pleaie state Requirements fully to 

ERITH'S ENGINEERING CO. LTD., 

70 GRACeCHURCH STREET, LONDON. 



VIU ADVERTISEMENTS. 



HIGGINBOTTOM ft CO. Ltd 



32 SEEL STREET, 



LIVERPOOL 



Specialists in 



DRYING 



AND 



CONDITIONING 



of ali Descriptions 
of Grains, Seeds, 
and Grain Products. 



Telegraphic Address: Telephone No.: 

"DISC," LIVERPOOL. 2590 Royal. 



MAYFARTH'S Evaporator 



Represents the must efiicient drying metlKHl 

for Oaoao, Ooffi»e, Tea, Oopra, 
Bananas, Taplooa, Oardamoma 

—all kinds of other Fruit* and V»g9 I 
tablas. From £6 each. ' 



GRAPE and other FRUIT 
PRESSES and MILLS. 



MAYFARTH'S EVAPORATOR. 



••SVPHONIA" (AUTOMATIC) SPRAYER (KNAPSACK) 

gives ihe finest and most powerful spray. 



' Kpt'lyfi" Catiilogut! wkkl. 



PH. MAYFARTI i CO., 81 Bnliiil Bow, LONDOM, E.C. 

Fnnkmrt a/M, PaiU, BarUn, Vianna, HUui, Hoaeow. 



The "SIMON" Patent Drying Machine 



Was the F:rst .md slill is the Bkst Durable Cast-iron :Machine for all Wei Materials 
Ihal can he dried liy sleatn heal. Best qualily material and most eiact construction 
: durabitily and reliability. Twenty y«ir>' eiperience. The Machines are 
:ted am! easy to work 



mple, readily transported and ei 

tmm SWOH A SONS ltd.. Phwii Worfa. Hattitgha. EHOAHD. 

IN PROGJiESS. 
BY THE SAME AUTHOR. 

DBYING PROCESSES AND PATENTS 

A Complementary Volume to " Dryiag Machinery 
and Practice/' describing the various Drying Pro- 
cesses as applied to Sundry Materials; also a 
Classified Summary of the Patents connected 
with Dryiag Processes and Apparati. 

LONDON : 

CROSBY LOCK WOOD AND SON, 

7 STATIONERS' HALL COURT, LUDGATE HILL, EX., 

Antj I2IA VICTORIA STRKKT, S.W. 
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MANLOVE, ALLIOn, & CO. 

LIMITED, 
ENQINEERS, 

NOTTINQHAM, 
Makers of all Kinds of Drying Machinery. 



CENTRIFUGAL DRYING 
MACHINES 

OFs URRIOUS TVfES. 



STEAM DISINFECTORS 

STEAM STERILIZERS 



REFUSE DESTRUCTORS, SEWAGE EJECTORS, 
FILTER PRESSES, CHEMrCAL PLANT, i,c. 



ADVERTISEMENTS. 



BENNETT & SAYER, 

Enfflneera, 

DERBY, 



PLASTIC BRICK MACHINERY 

TO SUIT ALL CLAYS. ANY CAPACITY. 



REVERSIBLE VENTILATING FANS. 

Drawings and Iron Work for our IMPROVED HOFFMAN KILMS, with 

either longitudinal or transverse arched chaml>ers, down draught ovens, dryers, 
and general plans for new brickworks, &c. 



ADVERTISEMENTS. 



^cm-t 



Largest Maken of Vacuum Evaporators in the World. 
Bzperiineata on Drying conducted free of charge. 
New Processes worked ont and completed by permanent staff of 
chemists. 

Chemical Plant of all deacripttona. 



XIV ADVERTISEMENTS. 



BRICK DRYING. 

LENNOX DRYING MACHINE. 

The Latest^ most Economical^ Effective, and 
Controllable Machine in the Market for Drying 

BfilCKS, BfilQUETTES, CONCfiETE BLOCKS, 

OR ANY OTHER WET MATERIAL. 



This Machine will dry the material either quickly or slowly^ as 
required^ at any desired temperature. UneB either waste heat 
from Boiler or Furnace FlueB^ or direct Furnace QaseB or Mpt Air. 



The following advantages are claimed: — 

Low Cost of Installation. Low Cost of Labour. 

Low Cost of Driving Power* 

Temperature can be controlled to suit the Material to 
be dried and the rapidity with which the drying 
is required to be done. 

The hot air, or gas, travels under the shelves and over the top of wet material so 
that the material is heated both from the top and the bottom at the same time. 

THE LATEST AND MOST PERFECT 
DRYING MACHINE ON THE MARKET. 



Estimates will be furnished for any slit of Machine, aecordlog to amount of 
matirlal to be dried per hour, or daj, on application to 

A. B. LENNOX, 

Half Moon Clumben, Bigg Market, MEVUSTU-OH-'nilE. 
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Lennox Patent 
Drying Machines 

PATENT VBBTICAL CONTINUOUS 
AUTOMATIC DBYING MACHINES 



• • • 



For DRYING 

Graki, Hops^ Cement, Sewage 
Sludge, &c. &c. «M «M at 

PATENT HOBIZONTAL CONTINUOUS 
AUTOMATIC DRYING MACHINES 



• • 



For DRYING . 

Washed Coal and Coke, Peat, 
Broken Slag, Ores of various 
kinds. Manures, Chemicals, <»* 
any other Wet Material «« 



The Latest aad Best Nachines en the Market 



ESTIMATES will be furnished for any Size of Machine, 
according to amount of Material to be dried per hour 
or day, on application to — 

A. B. LENNOX 

Half Moon Chambers, Bigg Market 
NEWCASTLE-ON-TYNE 



XVI ADVERTISEMENTS. 

WATSON, LAIDLAW, & CO. U 

MAKE 

DRYING 

MACHINES 

FOR ALL PURPOSES. 



SUGAR REFINERIES. 

CHEMICAL MANUFACTURERS. 

SEED CRUSHING MILLS. 
SOAP WORKS. 

GAS WORKS. 

IRON WORKS. 
BREWERIES, &c. &c. 



A selection of iUustrations of centrifugal 
drying machines are shown on opposite page. 
II you are interested, please ask for book of 
special designs, which gives full particulars. 



FOR DESCRIPTION OF OUR PATENT BUFFER 
AND BEARING, SEE CHAPTER III. 



PATENTEES AND SOLE MANUFACTURERS- 

98 DUNDAS STBEBT (South), GLASGOW. 



ADVERT ISEM ENTS . 



WATSON, LAIDLAW, & CO. Ld. 





pcll-drlTM Ciitrllnfili *lll> F*«dlB<TMiifk. Wittr-drlTCDCntrilnfll* witk Urg* llxcr. \ 



Wilw-drliM Ccilrllniatt wlib Sle«l Franlnl- EkHrically-drlTca GcDlrllutcli vlth FttdlijTraBfh 



M.m 




"lltiMaiM" "Vliiolt" "Vlntric" "VlntflK" 

B*IIDrlre. . Bell OrlK. ElKtrlt Drii*. Ea(hK Biivc. ~ 

98 DUNDAS STREET (South), GLASGOW. 
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ADVERTISEMENTS. 



THOMAS C. FAWCETT LTD., 

WHITEHOUSE ENGINEERING WORKS, 

HuNSLET Road, LEEDS. 

a^MGiAuara and MAMu^AGTuitmits om 




Dryers. Roasters & Rotary Kilns, 

P/r»tf by Powdtnd Comi, OH, or Oac. 

GYRATORY AND JAW CRUSHERS. 

BALL AND TUBE MILLS, PULVERIZERS, DISINTEGRATORS, 

MIXERS, WASH MILLS. SLURRY PUMPS, AIR & SCREEN 

SEPARATORS. REVOLVING SCREENS, &C. 

ELEVATORS AND CONVEYORS OF ALL TYPES. 

COMPLETE ROCK-CRUSHING, CEMENTS MANURE PLANTS. 

ALSO 

BRICK-MAKING MACHINERY FOR ALL CLAYS. 

includinq:-soft-mud. Plastic, stiff plastic, and 

SEMI-DRY materials; HAND AND POWER PRESSES. 
SEWER A DRAIN-PIPE M ACHINES (^owcR. stcam en hvomaulic). 

briquettinq Machines for purple a other ores. 
Sand-Lime, CEMENT Compo&Tile Pressing Machinc«.- 

PERFORATED A SOLID-BOTTOM PANS (with and without KN«iNctt). 
SHAFTING, BEARINGS, BRACKETS. AND PULLEYS. 



ADVERTISEMENTS. 



XIX 



{SHONTLY.) 



CRUSHING AND GRINDING 
MACHINERY PRACTICE 



A HANDBOOK ON THE MACHINERY USED 

/N CRUSHING AND GRINDING OPERATIONS 

ON ALL CLASSES OF MATERIALS 



INCLUDING AI^O 



A GLOSSARY OF TECHNICAL TERMS AND BIBLIOGRAPHY 



BY 



THOMAS G. MARLOW 

GRINDING, DRYING, AND SEPARATING MACHINBkY SPECIALIST 
AUTHOR OP "drying MACHINERY AND PRACTICE" 



WITH NUMEROUS TABLE5, PLATES, AND ILLUSTRATIONS 




LONDON 
CROSBY LOCKWOOD AND SON 

7 STATIONERS' HALL COURT, LUDGATE HILL, E.G. 

And I2IA VICTORIA STREET, S.W. 
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XX ADVERTISEMEKI^. 



HEENAN & FROUDE Ltd. 

MANCHESTER, WORCESTER, LONDON. 

MAKERS OF FANS 



FOR ALL PURPOSES. 



HIGH-PBESSUBE FANS 

A SPECIALITY. 



Also SPECIAL 



AIR-DRYING AND COOLING PLANTS 

(LITTLE'S PATENT) 

j» J( UNRIVALLED in Efficiency. j» J^ 
Less space required than by any other System. 
Can be used with advantage for RUBBER 

DRYING and 

DRY AIR BLAST INSTALLATIONS 



FULL PARTICULARS APPLY 

HEENAN k FROUDE LTD., 4 Chapel Walks, MANCHESTER. 



ADVERTISEMENTS. 



Grain Cleaning, 
Drying, 

Tempering, and 
Conditioning, 



THOS. ROBINSON 

t SON LTD., 
f lourjnill Englneere, 

Railway Worka, 

BOCRDAIE, ENG. 

PLANTS FOB 

ALL OIDDSTUES DSIHC 

(iSAIH. 



Stmff of Experts 
always available. 



lAIGEST FIM III TIE 
ENPHE. 



WHEAT DBYEB AMD COHDmOHEB. 



ADVERTISEMENTS 



THOMAS BROADBENT & SONS LTD. 

ELECTRICALLY DRIVEN 

HYDRO-EXTRACTORS AND 
CENTRIPUQAL MACHINES. 



BROADBENT ELECTRICALLY-DRIVEN HYDRO-EXTRACTOR 

MAKERS ALSO Op STEAM-DRIVEN. BELT-DRIVEN 

HYDRO-EXTRACTORS * CENTRIFUGAL MACHINES 

IN NUMEROUS TYPES. 



Catatoguea aad PficeB on sppllcallon. 



CENTBAL IBON WOBKS, HUDDEBSFIELD. 



ADVERTISEMENTS. X 

™oE "SIROCCO" ""ic 
Air Heaters 

are widely used for 

DRYING 

Material of every description: 
Fruit, Tea, Grain, Hops, Timber, 
Linen, Leather, Bricks, Tobacco, &^, 

Write for Illustrated Catalogues. 

Davidson 6- Co. Ltd., 

Sirocco ^"te"* Belfast. 

Makers of "SIROCCO" Fans for Induced Draft, 
the well-known TnJt n.A Ventilation, Forge Fires, 



tl^^r^ "RAPIDITY" l^r 



SUFfau ■■poiad to aellan of (taim } tq. R. fop ■ trap dliohaFflng up to 1,000 gal- 

lon* p«i> hour (oompcF* with othap traps of (ImllBrdluhnpg* oapnBlty and pamambap 

that avary aquara toot maana a loaa of fton of coal pap annum). 

Used by Admiralty on SO Warahip* lor SOO Iba. Pre«Bitrc. 

WM. GEIPEL i COY., Vulcan Works, ST THOIUS ST., S.E. 



ADVERTISEMENTS. 



DRYING APPLIANCES. 



WuhlBC 5t*II aod Drylnx llorie lar Public Wuh-houxs. 

DRYING HORSES FOR LAUNDRIES. 

TUBULAR AIR HEATERS. 

QILLED HEATER BATTERIES. 

COMPRESSED QAS HEATINQ SYSTEM. 

STEAM HKATED CYLINDERS, PRESSES, HOT-PLATES. 

OKNTRIFUQAL DRYERS. 

DISTILLING APPARATUS. 

CONDENSERS. 

EVAPORATING STOVES FOR METHYLATED SPIRIT. 



DAVID GORRIE & SON, cr^C 

t.uii<.<im PERTH, SCOTLAND. 



ADVERTISEMENTS. 



XXV 



BOOKS on DRYING. 



PAPER— "The Art of Paper-Makinff." 

A. Watt .... yg, 6d. 

** Practical Paper-Making." 

Geo. Clapperton - . - 68. net. 

RUBBER— " Cultivation and Preparation of 

Para-Rubber." 

W. H. Johnson - - 78. 6d. net. 

CEMENT— "The Modern Manufacture of 

Portland Cement." 

P. C. H. West - - 128. 6d. net. 



COTTON— " Cotton Manufacture." 

John Lister 



78. 6d. 



TEA— "Tea Machinery and Tea Factoriee." 

A. J. Wallis-Taylor - - 268. net. 



TIMBER— "Saw Mille." 

M. Powis Bale 



10s. 6d, 



WHEAT-" Flour Manufacture." 

F. Kick and H. H. P. Powles 



268. 



LEATHER— "Leather Manufacture." 

A. Watt - 128. 6d. net. 

MINERALS— " Machinery for Metaliiferoue 

Mi nee." 

E. H. Davies • 268. net. 



CROSBY LOCKWOOD « SON, 

7 Stationers' Hall Court, E.G., 
and 121a VIotorIa Street, S.W. 



ADVERTISBUENTS. 



PERFECT CONTROL OF DRYING 

By using the Green System a! Drying, ihe teinperaiurei humidity, and rate 
>re always under perfect contiol. The capacity of the dry room can he greally 
increased, and there is no risk of spoiling material. 

The Gieen equipmeni con&iltaoia Ureen 'PositivHo' Heatei, Green Engine, 
— andGreenFan. Fordry- 

ing at luw teaipeialuie, 
snme of the coils can he 
used for condensing the 
nioiEiture by circulating 
cold Hra'ei in them. 

We have made a special 
study of utilising waste 
heat, both from chim- 
ney gases and from ex- 
hauil steam, for drying 
operations, and upon re- 
ceipt of your leqaitemenls 
will have our Fngincers 
figure out a complete 
equipment. 
U'nir flrr imr famf/llll, I' /J*, " UryiMg Maltriali in fHjuilrial Plaitu;' 
vihkKgiKI TaiUi and hIIUt Dala. 

The Green Fuel Economizer Co., 

MATTEAWAN. N.V., U.S.A. 



The "EXCELSIOR" 



= (LATEST AND BEST)- 



CONTINUOUS KILN & DRYER. 

Is wtihout doubt the most up-to-date continuous kiln yet 
designed in eitlier the New or the Old World. It is the 
oulcome of years of practical technical experience as kiln 
builders and ceraitiists. It is economical in first cost 

(The Cheapest Continuous Kiln In the World). 

It is economical in actual area taken up. It is economical 

in fuel and labour, and it burns from one face of fire 

if required. It Is a Dryer as well as a Kiln, and will 
give any Output required. 



dticrlMloa >bIII la aiy part dI lit norM, ci 



i. OSNAN & CO. LTD., 



3 AIUNDEL STBEET, 
STBAND, LONDON, W.C. 
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PERFECTLY SAFE. 

NO TACKINESS. 



NO BLABS. 




H 



NORMAIRi 

— V — 



By using AIR at normal 
temperatures and at 
normal pressures the 

NORMAIR PROCESS 
OF DRYING RUBBER 

(MARLOWS PATENT) 

produces a clean uniform 
sample — ^ either Pale or 
Smoked (see pa^re 231). 

tf you desire to dry any Thermally Sensitive 
Material^ 



WRITE FOR LIST No. 414. 



PULSOMETER ENGINEERING CO. 



LONDON. 

Offices :— 
Broad Sanctuary Chambers, 
Westminster, 8.W. 



LiMITED. 



READING. 

Worics :— 

Nine Elms Ironworics. 
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XXVlll ADVERTISEMENTS. 



All persons interested in 



ENGINEERING AND TECHNICAL 

LITERATURE 



are Invited to visit 



CKOSBY LOCKWOOD & SOISTS 



TECHNICAL BOOK ROOM 



at 



121a VICTORIA STREET, WESTMINSTER, S.W., 

where a large selection of the most recent English and Ameri- 
can Technical Books will be founds comprising works on 



• • 



CIVIL ENQINEERINQ . 
MECHANICAL ENQINEERINQ 
ELECTRICAL ENQINEERINQ 
MARINE ENQINEERINQ . . 
MININQ AND METALLURQV 

&C. &C. 



SELECTED CATALOOinS POST FREE ON APFUCATION. 



ADVERTISEMENTS. 



THE CYCLONE # ORYER 



Warm dry air is brought into contact with the material wliich 
is almost dry, travels from one chamber to the next, and leaves 
after passing over the wettest, so carrying out the 
maximum amount of moisture. 



IMPORTANT FEATURES. 



OOMPAOT AND SELF-OONTAINED. Can be shipped with 

ease to any part of the world. 
PROGRESSIVE AND CONTINUOUS. 
EASE IN OPERATION. 
RAPID DRYING with moderate op tow tempecatura and 

rapid alp circulation. 
DRYING UNIFORM AND THOROUGH. 
MINIMUM HEAT LOST BY RADIATION, the warm air 

supply duct being surrounded by drying chambers. 
HEATING SURFACE located at one point outside the stove, 

under complete control, giving any temperature desired, 

overheating and consequent damage to goods Impossible. 

TIME FOR DRYIHC REDUCED Til U ANO STEAM CIIHSUMPTKIH HALVED OH 



OLDER METHODS OF DIBECT RADIATIOH IK DRYIHG ROOMS. 

SUITABLE FOR DRTINa Cotlsn of LIum Yams, WobI, Luthor, HMts, RiMw, Hak, 
SMi, Fbro, ToksMO, Th, Clay, CtMMri, Moira, to. to. 



ASK FOR PAMPHLET No. 103. 



MATTHEWS & YATES Ltd., 

SWINTON, MANCHESTER, ENGLAND. 



AllVKRTISKMENTS. 
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TeleKTUiu- "MILNE." Code-A B C. 

MILNE'S 



DRYING MACHINE. 

BEST DESIGN AND CONSTRUCTION. 

Ab used Tor Drying 

MILK, CHOCOLATE, CEREALS 

and other Substances. 

THE MACHINE i 

THE MAKERS n 

JAMES MILNE &. SON Ltd., 

ManufactURCRS of high speed 
PAPER MILL MACHINERY, &.C., 

Milton House Works, EDINBURGH. 



ADVERTISEMENTS. 



HOP^DRYING 

Skew's "Economic" Pure Air Heater. 



"ECONOmC" FURNACE. WITH OUTER CitSINt] REMOVED. 

The most efficieat Hop-dryios Plant on the market. 
Awarded the Royal Agricultural Society's Prize of £tOO 
for the best Hop-drying Plant in Great Britain. 

HEATING AND DRYING WORK 

of all descriptions undertaken, and success guaranteed. 

JONES £r ATTWOOD Ltd., 
Rtaiing Sptclalists, 

STOURBRIDGE. 



ADVERTISEMENTS. 



XXXUl 



INSPECTIONS, 
TESTS, 
REPORTS, 
RESEARCH, 
BUYING on Commission, 
EXPERIMENTAL WORK 



and 



DEVELOPING INVENTIONS 
connected with 



Gnimdii:!^, 
<SepAi*Aliim^, & 



T 



o£ all kinds 



THOS. G. MARLOW, 

Author of ** Drying Machinery and Practice," 
"Crushing and Grinding Machinery Practice," 
** Drying Processes and Patents," 

138 TELFORD AVENUE, 
LONDON, S.W. 



ADVERTISEMFNTS. 



DRYING MACHINERY. 



PROCTDt AUTO SOAP COOLEK. CRUSHER, AND DRYER. 



THE PHILADELPHIA TEXTILE MACHINERY CO., 

Depl. H., Hmncock and Somerset Streets, 
PHILADELPHIA, PA., U.S.A. 



ADVERTISEMENTS. XXX 

GRAIN DRYING 

AND 

CONDITIONING MACHINERY 

TURNER 
SYSTEM 

Results unaquallsd 

REGULAR AND 
EVEN WORK. 



The ho( and cold air blasis 
pass through a ihin stream 
of grain, which, by the action 
of the scraper, is moved as 
the cylinders revolve, ihus 
ensuring that every grain is 
thor<>iighly dried and con- 
ditioned. 



It is entirely a 
action, eaiuly regulated to 
deal with very damp grain, 
drj-ing it at one operation, 
oi grain which only requires 
very light Irealnient. 



Very simple and requiring a 
minimum of power to drive. 

Soli Haautaclnnrt amd Pateoleet; 

E. R. & F. TURNER Ltd., 

8t Peter's and Qrey Friar's Works, 
IPSWICH, ENGLAND. 



ADVERTISEMENTS. 



DRYING MACHINERY. 



PATENTED SECTIONAL CONVEYOI USED IN PROCTOK DBVERS. 



THE PHILADELPHIA TEXTILE MACHINERY CO., 

Depl. H., Hmaeock mad Somerset SIreeU, 
PHILADELPHIA, PA., U.S.A. 



EMIL. PASSBURG'S 

Apparata and Systems. 

SPECIALITY 1 

VACUUM DKYING AND EVAPOBATING. 



3H Y'ttKVB* Eiicpai^lanaB 



Over 2,000 Dryin|{ Plants supplied. 

44-'f •* •» <» 'f 4"»4'f 4"» <» •*« 

Apply la 

JAMES LIVINGSTON, 30 Gt. St Helets, LosdoB, E.C. 

latnmt ul Ubla-"CmeBARV, LONDON," Tilt|l«w-Ui4M Vill, (Itl. 



ADVERTISEMENTS. 



Blaib, Campbell, & M'Lean 

LIMITED, 

WOODVILLE STREET, GOVAN, 
GLASGOW. 



MAKERS OF 

VACUUM EVAPORATING 

AND 

DISTILUNG PIAKT 

pon 
ALL PURPOSES. 



*IMPERUL' PATENT DRYING MACHINES 

(Se« pa^e 271>. 
PATENT 

AUTOJUTIC CONTINDODS^WORKING VACUDM DRYERS 

For Producing iWateiial in Powder or Crystal 
Form from varioua Liquids. 

COMPLETE PUNTS FOR TANNIN EXTRACT AND 
DYE WORKS. 



Maaufactared Copper and Braaa Work of every 
descrlptloa. 



ADVERTISEMENTS. 



GARDNER'S llV/pm DRYERS 

SINQLB. OOUBLK, OR TREBLE. 

FOR HEATING BY STEAM OR GAS. 



■ET RIPIDLT DRV 
IWDERS OF VARIOUS 
KINDS. 



•«.•.„,. GARDNER'S ..■„.. 

PATENT "RAPID" SIFTERS and MIXERS 

FOR RAPIDLY TREATING DRY POWDERS OF ALU DESCRIPTIONS. 



Pbeitt aad Calalowaa* ea appllcallom to— 

WM. GARDNER & SONS (Gloucester) Ltd., 

SPECIALISTS IN DRVING MAOHINERV, 

Bristol Road, GLOUCESTER. 

IUtT«L!llTt 



J. P. DEVINE CO. 

VACUUM DRYING APPARATUS 

(PASSBUBG-S PATENTS), 

428 Brisbane Buildings, 
BUFFALO, NEW YORK. U.S.A. 



HIGH EFFICIEHCY VACUUM PUMPS AND CONDENSEBS. 

IMPREGNATING APPARATUS, STERILIZERS, 
SOLVENT RECOVERV APPARATUS, VULCANIZERS, 
EXTRACTING APPARATUS, DER ESI NIZ E RS. 



ADVERTISEMENTS. 



RUGGLES-COLES DRYERS. 

EFFICIENCY: 




z 



/O 

OF HEATING VALUE OF FUEL. 



OVER 250 IN USE FOR DRYING. 

CEMENT Rock , sewage sludge, 

AND Slurry. ^^ ^^^ Fish scrap, 

Coal, Chalk, slag. /L m^J^ \ Ghaihs. 

Sand, I -Svj5r I Carbonate 

Gravel. V . ^\m^J °^ Potash 

Ore concentrates, ^^ l^' Precipitates. 

\e. ^^""^^ Peat, 4c. 



ELECTRO-METALS Ltd., 

91 UNION COURT, OLD BROAD STREET, 

TiMnpbkUmo I OMnON F f^ TtkfkMii 

"FROCESSU,LIHIHfl." ^Vi/I^ l/^^l^ I ^.^^. L*ii« W«ll, MM. tWl. 



WE 
MAKE 



ADVERTISEMENTS. 

Vacuum Dryers 

And Dryers for Cacao, Copra, 8tc. 
A SPECIALITY. 

Also Sol* Makers 

BUUEII " 

MACHINEBY DA COSTA'S 

F.oT.n. P.t..t -RAPID" 

^ STEAMINfi 

Plantation. ^. 

"* SMOKIHG 

COMPLETE 

PLANTS COAGULATOB 

SUPPLIED. 



Catalogat* Fnt. 



AU lioi* ef UtticM. 



OUB IMPROVED VACUUM DRYING PLANT (Complete liuUJlBtlo«0. 



DAVID BRIDGE & CO. LTD., Norwood works. 



AnVERTISEMENTS. 



DBYING INSTALLATIONS. 

REMOVAL OF VAPODB, &c. 



"BLAOKMAN- " KEITH " 

PROPELLER FAN. OEHTRIFUOAL FAN. 



" K.-a" PATENT DRYER. 

JAMES KEITH & BLACKMAN CO. Ltd., 

27 FARRINGDON AVENUE, LONDON, E.C. 

And Bt MANCHESTER, LEEDS, BIRMINGHAM, GLASGOW, and BELFAST. 



ADVERTISEMENTS. 
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